GTP ENZYME TECHNICAL ASSOCIATION

1800 Massachusetts Avenue, NW, 2nd Floor Telephone (202) 778-9335
Washington, DC 20036-1800 Fax (202) 778-9100
www.enzymetechnicalassoc.org

June 5, 2002

iy

National Organic Standards Board

/o Robert Pooler, Agricultural Marketing Specialist
USDA/AMS/TM/NOP

Room 2510-So.

Ag Stop 0268

P.O. Box 96456

Washington, DC 20090-6456

Petition for Evaluation of Egg White Lysozyme for Inclusion on the National List of
Substances Allowed and Prohibited in Organic Production and Handling

Dear Mr. Pooler:

The Enzyme Technical Association (‘ETA”), a trade association comprised of enzyme
manufacturers and distributors in North American, hereby submits this petition pursuant to 7
U.S.C. § 6518(n) and 65 Fed. Reg. 43259 (July 13, 2000) (Proposed Rule) for the addition of
egg white lysozyme to the National List of Substances Allowed and Prohibited in Organic
Production and Handling (the “National List") as a nonagricultural substance allowed in
processed products labeled as “organic” or “made with organic” ingredients.

The National Organic Standards Board (“NOSB”) previously considered, but did not
recommend, the inclusion of egg white lysozyme on the National List. This petition seeks a
reconsideration of the board’s recommendation in light of “significant new information” that was
not available to the NOSB at the time of its prior evaluation and which clearly impacts on the
basis of the board’s decision. See 65 Fed. Reg. at 43260. It is our understanding, based on a
review of the applicable meeting minutes and our attendance at the board’s meeting, that the
NOSB'’s prior recommendation for egg white lysozyme was based solely on the board’s
mistaken belief that the enzyme is not Generally Recognized As Safe (“GRAS”) under the
applicable provisions of the Federal Food, Drug, and Cosmetic Act (‘FDCA”) and Food and
Drug Administration (“FDA”) regulations. This petition contains new information that
unequivocally demonstrates that lysozyme derived from egg whites is GRAS. As such, we
request reconsideration of the NOSB's prior recommendation in light of the information
contained herein.

* * %* *

This petition is formatted in accordance with the required elements noted in the U.S.
Department of Agriculture’s (‘USDA’s”) proposed rule on National List petitions. See id.






Category for Which Petitioner Seeks Inclusion of its Substance:

Nonagricultural (nonorganic) substances allowed in or on processe d as
“organic” or “made with organic (specified ingredients)” d products labele

1. Common name of the substance:

Egg White Lysozyme (or Lysozyme)

2. Petitioner’s name, address, and telephone number:

Enzyme Technical Association
1800 Massachusetts Ave, N.W.
Second Floor

Washington, DC 20036-1221
Tele: (202) 778-9273

Fax: (202) 778-9100

Contact Person: Gary L. Yingling

3. Intended or current use of the substance

Processing Aid / Preservative

4, Activities for which the substance will be used -- mode of action

Egg white lysozyme is a naturally occurring enzyme derived from egg whites. Enzymes
are proteins that are produced by animals, plants, and microorganisms that function as
biochemical catalysts to facilitate specific chemical reactions. In the case of lysozyme, the
enzyme produces an antibacterial effect by catalyzing the hydrolysis of the structural
polysaccharide peptidoglycan contained in the cell walls of certain bacteria. Simply put, it kills
bacteria by creating holes in the cell walls that hold bacteria together.

Egg white lysozyme has proven to be an economically viable alternative to synthetic
chemical preservatives in a number of foods, most notably cheese and wine. Furthermore, the
antimicrobial effect of lysozyme is selective for certain gram-positive bacteria that cause food
spoilage, while not interfering with a number of organisms that are considered beneficial to

human health.

In the cheese industry, lysozyme has been found to be particularly beneficial because it
selectively destroys the vegetative forms of many clostridia, particularly Clostridia tyrobutyricum
bacteria. These bacteria survive the normal heat treatment of milk used in the production of
cheese and later propagate to cause “late blowing.” Late blowing is the formation of gases and
butyric acid from lactic acid in the course of cheese maturation. The unwanted gas formation
can cause faults in the texture of the cheese as well as an undesirable taste and smell. If the
level of gas reaches a sufficiently high level, the cheese block can completely break apart. The
use of egg white lysozyme in the milk culture kills the bacteria that produce the gas and
therefore eliminates all “late blowing” concerns. The only alternatives to lysozyme are more
harsh preservatives such as formaldehyde, nitrate, nisin or hydrogen peroxide.




According to Bottazzi (20) 10% of all the « natural » spores present
in milk are resistent against lysozyme in cheese. This bring the num-
ber of active spores back to one tenth those present. When the cheese
milk contains 0.27 spores/ml. 25 g lysozyme/100 1 appeared to be
effective. Then only 0,027 spores/ml are active.

A level of 0.027 spores/ml is very near to the level at which Gouda
cheese can be made without nitrate or any other addition to prevent
butyric acid fermentation. These considerations could also indicate
the reason that lysozyme (386 U/ml) could prevent butyric acid fermen-
tation by C. tyrobutyricum BZ 15, possibly because this strain is su-
sceptible to lysozyme. Further experiments have to be carried out in
order to elucidate these problems.
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Additional information concerning lysozyme is provided in the attached portion of the book
entitled Natural Food Antimicrobial Systems (Exhibit 1).

5. Source of the substance / manufacturing process

The food-grade lysozyme that is the subject of this petition is naturally derived from
chicken egg whites. A food-grade inert material (a polymer resin) that specifically binds to
lysozyme is used to extract the enzyme from the egg whites. After the binding process, the
lysozyme is stripped from the resin, concentrated, purified, and dried. The extraction process
requires the use of the following chemicals: citric acid, salt (NaCl), and hydrochloric acid /
sodium hydroxide for pH adjustment. There are no solvents used in the manufacturing of the
enzyme and the final dry product is nearly 100% pure egg white lysozyme.

The lysozyme content of egg whites is approximately 0.3%. Upon completion of the extraction,
the egg whites remain virtually unaffected and can be subsequently consumed in other food
uses.

A flow chart of the typical lysozyme manufacturing process is attached as Exhibit 2.

6. Summary of previous reviews

Egg white lysozyme was reviewed by the NOSB for inclusion on the National List during
the NOSB'’s November 2000 meeting. The enzyme was evaluated as part of a petition that
requested the listing of all non-genetically modified animal enzymes. Instead of considering
animal enzymes as a group (as was done with microbial and plant derived enzymes), the board
singled out and evaluated the following six specific animal derived enzymes: rennet, catalase
(bovine liver), lipase, pancreatin, pepsin, trypsin, and lysozyme. The NOSB voted to consider
all of these animal enzymes “non-synthetic,” and to include all of them except lysozyme on the
National List. According to the meeting minutes, the sole reason for the NOSB'’s decision not to
recommend lysozyme for inclusion on the National List was the board’s mistaken belief that
lysozyme lacked a “final GRAS status from FDA” (see Nov. 2000 NOSB meeting minutes,
attached as Exhibit 4). As discussed below in section 7 of this petition, the NOSB'’s
recommendation with respect to lysozyme was based on a misunderstanding of FDA'’s policy
concerning the GRAS provisions of the FDCA. As such, a reconsideration of the NOSB's prior
recommendation is clearly warranted.

7. EPA, FDA, and State Requlatory Information

Egg white lysozyme is GRAS, as that term is defined in the applicable provisions of the FDCA
and FDA regulations. Furthermore, we are unaware of any EPA or State regulatory limitations
on the use of the egg white lysozyme in food.

Because the prior NOSB recommendation relied heavily on the board’s perception of the GRAS
status of lysozyme, we thought it would be helpful to provide a brief history and explanation of

' The manufacturing information contained in Exhibit 2 consists of commercial confidential
information provided to ETA by one of its members for the limited purpose of inclusion in this
petition. A Commercial Confidential Information (“CBI”) statement addressing this information is

attached as Exhibit 3. A “CBI-deleted” copy of Exhibit 2 is provided with this petition.
3



occurrence of butyric
se milk were adjusted
s and to 1.7 spores/ml
per 100 litres: 15 g
section are shown

58793/58800 milk with 13.0 spores/ml + 15 g NaNO,/100 1

58814/58813 milk with 13.0 spores/ml + 3 g lysozyme/100 |
58942/58946 milk with 13.0 spores/ml + 6 g lysozyme/100 |
58964/58969 milk with 1.7 spores/ml + 3 g lysozyme/100 1



the GRAS process in subsection A, below. In subsection B, we discuss the application of the
GRAS process to lysozyme.

A. FDA’s GRAS Process

In 1958, in response to public concern about the increased use of chemicals in foods and food
processing, Congress enacted the Food Additives Amendment (the “1958 Amendment”) to the
FDCA. The basic purpose of the 1958 amendment was to require that, before a new additive
could be used in food, its producer demonstrate the safety of the additive to FDA. The 1958
Amendment defined the terms “food additive” (FDCA § 201(s)) and “unsafe food additive”
(FDCA § 409(a)), established a premarket approval process for food additives (FDCA § 409(b)
through (h)), and amended the food adulteration provisions of the FDCA to deem adulterated
any food that is, bears, or contains any food additive that is unsafe within the meaning of section
409. See FDCA § 402(a)(2)(C).

When enacting the 1958 Amendment, Congress recognized that many substances intentionally
added to food would not require a formal premarket review by FDA to assure their safety. For
example, the safety of some substances could be established by a long history of use in food or
by virtue of the nature of the substances, their customary or projected conditions of use, and
information generally available to scientists. Therefore, Congress enacted a two-step definition
of “food additive.” See FDCA § 201(s). The first step broadly includes any substance, the
intended use of which results or may reasonably be expected to result, directly or indirectly, in
its becoming a component or otherwise affecting the characteristics of food. The second step,
however, excludes from the definition of “food additive” substances that are generally ]
recognized, among experts qualified by scientific training and experience to evaluate their
safety (“qualified experts”), as having been adequately shown through scientific procedures (or,
in the case of a substance used in food prior to January 1, 1958, through either scientific
procedures or through experience based on common use in food) to be safe under the
conditions of their intended use. See id. This exception to the food additive definition came to
be known as the GRAS exemption. Many substances that are commonly used in foods (e.g.,
vinegar, vegetable oil, baking powder, and many salts, spices, flavors, gums, and preservatives)
are legally marketed under the GRAS exemption.

One of the key elements of the GRAS exemption is that a substance that is GRAS for a
particular use may be lawfully marketed for that use without FDA review or approval.
Nevertheless, many manufacturers have found it necessary to have a statement from FDA
agreeing with the manufacturer’s GRAS determination. Initially, FDA issued informal “opinion
letters” concerning the GRAS status of substances. The “opinion letters,” however, were issued
only to the specific person requesting the letter and therefore did not provide industry-wide
notification of the agency’s GRAS decision. To address this and other concerns, FDA adopted
the GRAS affirmation petition process. See 21 C.F.R. § 170.35. This was a voluntary
administrative process whereby manufacturers could petition FDA to affirm that a substance
was GRAS under certain conditions of use. If FDA agreed with the petitioner's GRAS
determination, a regulation was published in the Code of Federal Requlations affirming the
GRAS status of the substance. The GRAS affirmation petition process was intended to provide
a mechanism for official recognition of lawfully made GRAS determinations. To the extent that a
person elected to submit a GRAS affirmation petition, the process facilitated an awareness, by
FDA as well as the domestic and international food industry, of lawful independent GRAS

determinations.



Fig 3

The addition of 6 g of lysozyme/100 1 cheese milk did not inhibit

the growth and acid production of the mesophilic starter .used (BD-
starter Bos).

The results obtained are not directly in accordance with those
observed by others (see references 2, 3, 6 and 7). Gouda cheese may be
susceptible to butvric acid fermentation but also Swiss and Italian
cheese varieties are equally susceptible.
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However, the GRAS affirmation petition process turned out to be extremely resource-intensive.
Not only did the process involve a comprehensive review of each petition, it also required going
through the very cumbersome rulemaking process for each substance affirmed as GRAS. As a
result, GRAS petitions languished at the agency for years, even decades, without the
publication of a final regulation. Over time, the food industry began to consider the publication
in the Federal Register acknowledging FDA’s acceptance of a GRAS affirmation petition for
filing as an acknowledgement that the agency did not have any significant objections to the
petitioner's GRAS determination. In fact, it became common practice for manufacturers to
reference those Federal Register notices as supporting evidence of their GRAS determinations.

As a result of the problems encountered with GRAS petition process, FDA proposed the “GRAS
notification” procedure on April 17, 1997. 62 Fed. Reg. 18937. This procedure was intended to
replace the GRAS affirmation petition process. Under the GRAS notification procedure, FDA
evaluates whether a GRAS “notice” provided by a manufacturer provides a sufficient basis for a
GRAS determination and whether information in the notice or otherwise available to FDA raises
issues that might lead the agency to question whether use of the substance is GRAS. Within 90
days of receipt of the notice, FDA responds in writing as to whether it has identified a problem
with the notice. To provide the industry with information on prior GRAS notices, FDA publishes
a list of all submitted GRAS notices, along with the agency’s response, on the FDA website.
See http://www.cfsan.fda.gov/~rdb/opa-gras.htmi.

Although the GRAS natification regulation has never been finalized, FDA has wholeheartedly
adopted the procedure as a replacement for the GRAS affirmation petition process. Since the
publication of the GRAS notification proposed rule, the agency has received 105 GRAS notices.
During that period, the agency has strongly discouraged the filing of (and even refused to
accept) GRAS affirmation petitions. At the same time, the agency has been encouraging those
persons with pending GRAS affirmation petitions to convert their petitions to GRAS notices. For
example, FDA recently suggested to ETA that it could transfer the pending portions of a GRAS
affirmation petition originally submitted by ETA’s predecessor in 1973 into GRAS notices.

B. The GRAS Status of Lysozyme

The very nature of lysozyme made it a perfect fit for the GRAS exemption. Any safety concerns
were minimal. The enzyme occurs naturally in numerous organisms and has been thoroughly
characterized. The three-dimensional structure, mechanism of action, and substrate specificity
of the enzyme are all well documented in the public literature. Likewise, the source of the
enzyme, egg whites, has been safely consumed by humans throughout recorded history, and
the enzyme is entirely inactivated in the stomach and intestines by proteolytic enzymes (e.g.,

pepsin).

A GRAS affirmation petition was filed in 1989 for the use of lysozyme in prevention of “late-
blowing” of cheese (GRASP 9G0355). FDA published notice of receipt of the petition in the
October 27, 1989 edition of the Federal Register. See 54 Fed. Reg. 43861. However, the
agency did not formally respond to the petition until March 13, 1998, at which time it published a
“tentative final rule” affirming that egg white lysozyme was GRAS. See 63 Fed. Reg. 12421
(attached as Exhibit 5). In that publication, FDA stated that (1) “the enzyme component of egg
white lysozyme preparation is unaltered from the lysozyme found in commonly consumed food,
eggs,” (2) “the manufacturing process will not introduce impurities into the preparation that may
render its use unsafe,” and (3) the enzyme will “achieve its intended technical effect of
preventing late blowing of cheese contaminated with C. tyrobutyricum.” See id. Accordingly,




113.0 spores

I 13.0 spores

10.27 spores

I 1.1 spores

Fig. 2 - Effect of adding lysozyme to cheese milk on the occurrence of butyric
acid fermentation. The spore numbers of the cheese milk were adjusted
to 1.1, 0.27 and 13.0 respectively. The control cheese was made from milk
with 13.0 spores/ml; 15 g NaNO,/100 1 was added instead of 2.5 g lyso
zyme. Cross sections are shown of the cheese after 24 weeks; above
cheeses stored at 13°C, below cheeses stored for four weeks at 13°C,
thereafter at 18°C.

45290/45291 milk with 1.1 spores/ml

45293/45294 milk with 0.27 spores/ml + 3 g lysozyme/100 1
45296/45297 milk with 13.0 spores/ml

45299/45300 milk with 13.0 spores/ml + 15 g NaNO,/100 1



FDA “tentatively” concluded that egg white lysozyme was “GRAS for use by the general
population in preventing late blowing in cheese.” Id.

FDA’s conclusion was termed “tentative” not because there was an unresolved issue with
respect to the inherent safety of the enzyme, but rather to allow the agency to receive additional
public comments on the labeling of the enzyme. There is clearly no safety concern with the
consumption of egg whites by the general population. However, the agency was concerned that
persons who are allergic to egg protein may not know that lysozyme could potentially (although
extremely unlikely) contain a sufficient amount of egg protein to illicit an allergic reaction. As
such, FDA proposed adding a condition to its GRAS affirmation that the enzyme be labeled as
“egg white” lysozyme in order to be considered GRAS. The agency did not believe that it could
impose such a condition without first receiving public comment on the issue. Thus, the rule was
published in “tentative” form and the agency sought additional comment on the labeling issue
from “interested persons.”

Although the deadline for the submission of comments on the “tentative final rule” lapsed on
May 27, 1998, FDA has not yet issued a “final” rule on lysozyme. In fact, FDA'’s rapid move
away from GRAS affirmation petitions and towards the GRAS notification process makes it very
unlikely that the agency will ever publish a “final” rule on the matter. As a result, the food
industry has accepted the “tentative” final rule as the equivalent of an affirmation of the GRAS
status of lysozyme for use in preventing late blowing in cheese, provided the enzyme is labeled
with the “egg white” qualifier.

The GRAS status of egg white lysozyme was recently confirmed by the FDA response to a
GRAS notice for the use of the enzyme as an antimicrobial agent in frankfurter casings and
ready-to-eat cooked meat and poultry products. See Response Letter to GRAS Notice No.
GRN 000064 (Apr. 2, 2001) (attached as Exhibit 6). In the response to the notice, FDA states
that it “has no questions . . . regarding [the submitter’s] conclusion that egg white lysozyme is
GRAS under the intended conditions of use, provided that the ingredient statement of food
products that contain egg white lysozyme contain the name ‘egg white lysozyme’ to identify the
source of the protein.” 1d. This statement is as close to an FDA affirmation of the GRAS status
of lysozyme as is currently possible under the current regulatory scheme.

In sum, FDA has been aware of the use of lysozyme as a processing aid in the food supply for
over 13 years. Yet, the agency, which is tasked with ensuring the safety of the nation’s food
supply, has raised no objections to use of the enzyme. Not only has FDA allowed its continued
use, the agency has specifically reviewed a comprehensive GRAS affirmation petition
describing the substance and concluded that it is GRAS, provided it is labeled as derived from
egg whites.? Additionally, FDA raised no questions when a GRAS notice was recently
submitted for lysozyme. Given the data and information that FDA has reviewed on lysozyme, it
is inconceivable that the agency would allow its continued use as a GRAS ingredient if it
believed there were any question as to its GRAS status.

2 With respect to the FDA'’s condition that lysozyme be labeled as “egg white lysozyme” in order
to be considered GRAS, we note that such labeling issues fall squarely within FDA’s jurisdiction

and are independent of the NOSB's assessment under the Organic Foods Production Act.
6
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8. The Chemical Abstract Service (CAS) number and labels of products that contain
the substance

CAS No. 9001-63-2
.U.B. No. 3.2.1.17 -
International Union of Biochemistry systemic name: peptidoglycan N-acetylmuramoythydrolase

9. Physical properties / mode of action

A. Chemical interactions with other substances — Egg white lysozyme produces a
antimicrobial effect when added to foods. The enzyme is inactivated by other enzymes present
in the human gastrointestinal tract. No other interactions are known.

B. Toxicity and environmental persistence — As indicated in the published literature
and in FDA's GRAS reviews, lysozyme exhibits very low toxicity. Given the natural presence of
lysozyme in numerous organisms, the use of the enzyme in foods would present little or no
environmental concern.

C. Effects on human health — The potential effects on human health have been
extensively reviewed by FDA and found to be insignificant. Additionally, the use of lysozyme in
lieu of other synthetic alternatives provides a definite benefit to human health.

10. Material Safety Data Sheet

A Material Safety Data Sheet (MSDS) is attached as Exhibit 7.

1. Published Literature

A bibliography of published literature concerning lysozyme is attached as Exhibit 8. Copies of
particularly relevant articles are provided in Exhibit 9.

12. Petition Justification Statement

The action requested in this petition does not require a “Petition Justification Statement.” See
65 Fed. Reg. at 43260-1.

13. Commercial Confidential Information Statement
The required “CBI Statement” is enclosed as Exhibit 3. A “CBI-deleted” copy with the CBI

information redacted accompanies this petition.

Respectfully submitted,

hair, Enzyme Technical Association




In the first experiment four vats were made. The number of spores
was adjusted to 1.1, 0.27 and 13.0 spores/ml cheese milk respectively.
To the cheese milk 2.5 g lvsozvme/100 1 cheese milk (475U/ml) was
added. Preparation 2 was used. Control cheeses were made from the
cheese milk with 13 spores/ml: 15 g NaNO; was added per 100 1| in-
stead of lysozvme. The results are given in Table 1 and cross sections
of the cheeses are shown in Figure 2. It is clear from the results that
by the use cf lysozyme butyric acid fermentation in the cheese made
from milk with 13.0 spores/ml could not be prevented. In the cheese
stored continuously at 13 °C as well as in those stored later on at 18 °C,
a very strong butyric acid fermentation was observed. In cheeses ma-
de from milk 1.1 spores/ml a strong fermentation was observed after
24 weeks storage at 18 °C, after previous storage at 13 °C during
4 weeks. When the cheeses were stored continuously at 13 °C, the
fermentation was only slight. No butyric acid fermentation was ob-
served in the cheeses made from milk with 027 spores/ml.

In a second cheese experiment carried out in the experimental
dairy also four vats of cheese were made. In one part of the milk
(three quarters of the total volume required) the number of spores
were adjusted to 13.0/ml in the other part (one quarter) to 1.7/ml.
The first part was divided in three portions to which per 100 litres
15 g NaNO;, 3.0 g and 6.0 g lysozyme were added respectively. The
milk with 1.7 spores/ml received 3.0 g lysozyme. Lysozyme preparation
n. 3 was used. The main results of this experiment are shown in Table 2
and Figure 3. Also from these results it is clear that the addition of 3g
lysozyme/100 | cheese milk could not prevent butyric acid fermentation
in the cheese made from it. Even in cheeses made from the milk with
1.7 spores/ml the fermentation is quite serious. Only when 6.0 g Iv-
sozyme/100 | was added, the butyric acid fermentation was nearly com-
pletely prevented during a ripening time of eight weeks. ‘

From the results shown in this report it appears that the usual
amount of lysozyme added to cheese milk (500 U/ml) can only prevent
butyric acid fermentation in the Gouda cheese made from it, if the
number of spores of butyric acid bacteria does not exceed a 0,3 spores
per ml of cheese milk. This number is normal in the cheese milk pro-
duced during summer time. In most European countries the number
of spore in winter cheese milk amonuts at least to a level of a spores/ml.
Doubling the amount of the added lysozvme to 6 g per 100 |1 was
more effective, also in cheese made from milk with 13 spores/ml.






13 °C butyric acid fermentation was not observed during seven months
of storage.

At the continuation of the experiments on a small scale use was
made of a suspension of spores made by extracting heavily contami-
nated grass silage. Now less favourable results were obtained. The
number of spores in the « bactofugated » cheese milk was adjusted to
10/ml by adding a calculated amount of the extract. To one portion of
180 litres cheese milk 0.65% ovalbumen (corresponding to 500 U lyso-
zyme/ml) was added; to a second portion 0.22% ovalbumen was added.
Both portions were made into cheese. Figure 1 shows cross sections
of the cheese after four months ripening at 13 °C. When 0.65% oval-
bumen had been added to the cheese milk serious gas hole formation
was shown. At a reduction of the added amounts of enzyme to one
third the cheeses showed a very pronounced butyric acid fermenta-
tion. Further, two cheese experiments carried out in the experimental
dairy will be described.

Fig. 1 - Effect of adding varying quantities of lysozime on the occurrence of butyric
acid fermentation in cheese.

33: 0.65% ovalbumen added (corresponding to 500 U of lysozyme/ml
cheese milk).

39: 0.22% ovalbumen added.
Cross sections are shown of the cheeses after 4 months of ripening at 15°C.
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13 °C butyric acid fermentation was not observed during seven months
of storage.

At the continuation of the experiments on a small scale use was
made of a suspension of spores made by extracting heavily contami-
nated grass silage. Now less favourable results were obtained. The
number of spores in the « bactofugated » cheese milk was adjusted to
10/ml by adding a calculated amount of the extract. To one portion of
180 litres cheese milk 0.65% ovalbumen (corresponding to 500 U lyso-
zyme/ml) was added; to a second portion 0.22% ovalbumen was added.
Both portions were made into cheese. Figure 1 shows cross sections
of the cheese after four months ripening at 13 °C. When 0.65% oval-
bumen had been added to the cheese milk serious gas hole formation
was shown. At a reduction of the added amounts of enzyme to one
third the cheeses showed a very pronounced butyric acid fermenta-
tion. Further, two cheese experiments carried out in the experimental
dairy will be described.

Fig. 1 - Effect of adding varying quantities of lysozime on the occurrence of butyric
acid fermentation in cheese.
33: 0.65% ovalbumen added (corresponding to 500 U of lysozyme/ml
cheese milk).
39: 0.229% ovalbumen added. )
Cross sections are shown of the cheeses after 4 months of ripening at 15°C.
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Lysozyme

I. INTRODUCTION

Lysozymes were discovered and named by Alexander Fleming (1922). Later
Alderton et al. (1945) identified lysozyme in hen’s egg albumen and found it to be the
same as a previously known protein, globulin G1, discovered by Longworth et al. (1940)
using moving-boundary electrophoresis. The lysozymes of avian egg albumen, which is
the most plentiful source, shell and viteline membrane, belong to a class of enzymes that
lyse the cell walls of gram-positive bacteria by hydrolyzing the B-1,4 linkage between N-
acetylmuramic acid (NAM) and N-acetyl-glucosamine (NAG) of gigantic polymers
(NAM-NAG), in the peptidoglycan (murein). They are sometimes termed muraminidas-
es or more precisely N-acetylmuramideglycanohydrolases (EC 3.2.1.17). ‘Lysozyme’ is
the recommended common name. Lysozymes are ubiquitous in both the animal and plant
kingdoms, and play an important role in the natural defense mechanism. Lysozyme is
attractive as a natural food preservative because it is endogenous to many foods, specific
to bacterial cell walls, and harmless to humans. There are microbial, viral, phage, insect,
plant, and animal tissue lysozymes. Body fluids such as tears, saliva, urine and human
milk contain 2.6, 0.13, trace, and 0.2-0.4 mg/mi of lysozyme, respectively (Grossowicz &
Ariel, 1983). The lysozyme content in cow’s milk was reported to be much lower (<1/100)
than the above values in human milk (Packard, 1982).

II. OCCURRENCE

A. Sources

Egg-white lysozyme is the classic representative of the lysozyme family and the
related enzymes are called ¢ type (chicken- or conventional-type) lysozymes. One egg
contains about 0.3-0.4 g of lysozyme. Until now, eggs have been the easiest and most eco-
nomical source for recovering lysozyme. The presence of a radically different lysozyme,
called g type after the Embden goose, was discovered. Three of only four lysozyme g
sequences known to date have been reported. There is no evidence for the occurrence of
lysozyme g or its gene in living systems other than birds (Prager & Jolles, 1996).

0-8493-2047-X/00/30.00+8.50
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2.3.

24.

2.5.

The number of spores of butvric acid bacteria in cheese milk was
estimated according to a modified procedure of Van Bevnum and
Pette (19). A MPN (Most Probable Number) — method was ap-
plicd using mostly five tubes in each of four successice 1 m] —
samples of milk and its dccimal dilutions. For the experiments in
the experimental dairy the same experiments was carried out; ho-
wever fifty tubes with 0.1 ml milk were used instead of five.

In some cxperiments the milk was « bactofugated ». For the pilot
plant experiments use was made of a modified Westfalia centrifuge
tvpe MN 1254. For the experiments in the experimental dairy the
Westfalia « Entkeimungsseparator » tvpe CNB 130 was used.

The number of spores of butyric acid bacteria was adjusted to the
desired levels.

In the pilot plant experiments use was made of a suspension of
spore of the pure culture of Clostridiim tyrobutyricum BZ 15 or
of an extract made from heavilv contaminated grass silage. C.
tyrobutyricum BZ 15 was grown for 3 weeks at 37 °C in AC-broth
(composition: Proteose-peptone no. 3: 2%; Bacto-beef extract: 0.3%:
Bacto-yeast extract: 0.3%; Malt extract: 0.3%; Bacto dextrose:
0.5%; ascorbic acid: 0.02%). The broth contained after incubation
about i x 10° spore/ml. ‘

In the experimental dairy the procedure applied to adjust the
number of clostridial spores was as follows. Milk was heated by
thermization, standardized (fat adjusted), cooled and stored at
5-6 °C. The number of spores of butyric acid bacteria was estima-
ted (MPN). Four days later the number was known. A calculated
part of the cheese milk was bactofugated. The concentrate obta- )
ined which contains about thirty times more spores than the milk,
was used to adjust the number of spore in the cheese milk to the
desired level.

3. Results and discussion

In a series of cheese experiments on pilot plant scale the effect of

lysozyme (preparation 1) was studied. A half percent of preparation 1
(385 U/ml) was added to four portions of 200 ] « bactofugated » cheese
milk. Spores of C. tyrobutyricum BZ 15 were used. So much was added
to the milk that the numbers in the four portions amounted to 0.2, 1.0,

5.0 and 25.0/ml respectively. In the cheese made from it and stored at
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1 10 20 30 40 50
Avian KVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNT-DGS
Human E RTL LMG I A ML W GY R Y AG R
Bovine K Q RTL KL G K A L LTKW 8Y K Y PSSE

51 60 70 80 90 100
Avian TDYG | LQ | NSRWWCNDGRTPGSRNL CN | PCSALLSSD | TASVNCAKK | VS
Human F Y K AV A HLS QDN ADA A RV R
Bovine F K K NAVDG HVS EMEND AKA A H

101 110 120 129
Avian DGNGMNAWVAWRNRCKGT DV QAW | RGCRL
Human PQ IR QNR RQYVQ GV
Bovine E-Q IT KSH RDH SSKVE T

FiGure 1. Amino acid sequences of lysozymes of chicken, human and cow. Sites 1-40 of bovine are from cow’s
milk.

this problem, separation of lysozyme from egg white by ultrafiltration, ion exchange or
affinity chromatography has been suggested (Ahvenainen et al., 1980). A variety of cation
exchangers were compared and a macroporous weak acid type resin Duolite C-464 was
selected on the basis of a high lysozyme recovery of 90-95%, retention of whipping and
gelling properties of the lysozyme-free egg white, and ease of column manipulation (Li-
Chan et al., 1986). The purity of lysozymes separated by salting-out crystallization, ultra-
filtration and cation exchange were compared by Kijowski et al. (1999) using elec-
trophoresis, calorimetry and amino acid analysis. Polymerization, including the formation,
of active or inactive reversible dimers, upon denaturation especially heating was also
reported by the same authors.

B. Physico-chemistry

The molecular weight of chicken lysozyme computed from the amino acid
sequence of 129 residues is 14,307 and the isoelectric point is 10.7. Molecular weight
obtained by matrix assisted laser desorption/ionization mass spectrometry (MALDI-TOF-
MS) is 14,308 (Yang et al., 1998). The precision of MALDI-TOF-MS is 0.05%.

The isoelectric points of lysozymes are not always high; those of lysozymes
secreted in the stomach are much lower with pH values of 6-8. This variation is due to the
difference of arginine residues in lysozyme molecules in the range of 3-14. Chicken
lysozyme has a higher extinction coefficient £1% at 280 nm (26.4 vs. 4-15) than most pro-
teins because of higher contents of aromatic amino acids in the lysozyme molecule. There
is no sequence homology of chicken lysozyme (129 residues) with g type lysozyme (185
residues). The g type is three times more active than ¢ type (Canfield & McMurry, 1967).
The amino acid sequences of chicken, human and cow lysozymes are shown in FIGURE 1.
The latter two are mammalian lysozymes, and therefore, more homologous to each other
than to chicken lysozyme.

Human lysozyme is about four times more active in bacteriolysis than chicken
lysozyme although the hydrolytic activity against glycol chitin is about the same. Human
lysozyme has more arginine residues (14 vs. 11) than chicken lysozyme, especially near
Asp52 (FIGURE 1), but has a lower K, of 10000 vs. 71400 (M-1) (Imoto, 1996). This fact

might imply that there is no need of an excessively strong binding ability with substrates
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the critical number is higher (11). Nitrate is an effective means to pre-
vent butyric acid fermentation in Gouda cheese. Low amounts are suf-
ficient to prevent this undesirable fermentation. The contribution of
nitrate in cheese to the human daily intake of nitrate is negligible (12).
Also no indication is found that nitrate in cheese induces the forma-
tion of N-nitrosocompounds (13, 14, 15, 16). Nevertheless some conu-
tries require the presence of only low amounts of nitrate in cheese
when imported.

It was therefore investigated in the Netherlands Institute for Dairy
Research (NIZO) at Ede how far lysozyme could prevent butyric acid
fermentation in Gouda cheese. The experiments are still going but
the results obtained justify already some important conclusions.

2. Material and methods

2.1. The usual method for making Gouda cheese from pasteurized milk
was applied. On pilot plant scale 6 Kg Gouda cheeses were made
from 180 1 portions of cheese milk. In the experimental dairy
10-12 kg Gouda cheeses were made from 2000 litres of cheese milk.
As a control mostly cheese was made from milk to which 15 g
NaNO; was added. In making the experimental cheeses lysozyme
was added instead of nitrate. The BD-starter Bos was used in all
experiments described. The cheeses were stored at 13 °C. After
four weeks a part of the cheeses was further stored at 18 °C. Du-
ring storage the gas formation in the cheeses was checked by
sounding the cheese each week and by making X-rav photographs
(17).

2.2. The strength of the lvsozyme preparates was estimated according
to Shugar (18).

The following preparations of lysozyme were used:

2.2.1. Ovalbumen from NIVE, Harderwijk, the Netherlands (prepa-
ration 1). The strength of this rough preparation was only
77 U/mg.

2.2.2. Afilact from CODIPI, Levallois Perret, France (preparation
2). We found a stength of 19000 U/mg in this preparation. '

2.23. The lysozyme preparation from SPA Societa Prodotti Anti-
biotici SPA Milan, Italy (preparation 3). We found a strength
of 20000/mg in this preparation.

We used a Boehringer preparation (22000 U/mg) as a standard.
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J. Stadhouders - E. de Vries - G. van den Berg - G.J.Ch.M. van der Veer

The use of lysozyme for the prevention
of butyric fermentation in Gouda cheese.
The limited effect of the enzyme

1. Introduction
NIZO - EDE - NEDERLANDS

Pulay (1) detected that by use of lysozyme butyric acid fermenta-
tion in cheese was prevented. Wasserfall and Prokopek (2) studied the
use of this enzyme more in detail. Thereafter many literature data ca-
me available on the effect of lysozyme (3, 4, 5). Carini and Lodi (6)
confirmed the antiblowing effect of lvsozyme in Grana and Montasio
cheeses made experimentally from milk containing 0.25-2.3 clostridial
spores per ml cheese milk. Also Ghitti et al. (7) claimed that the addi-
tion of 25 ppm lysozyme hydrochloride to the cheese milk prevented
butyric acid fermentation in Grana Padano cheese when the clostridial
spore counts in milk amounted to 2/ml. Losi and Chiavari (8) reported
however that application of lysozyme was effective only when the spo-
re content of the cheese milk was low.

Another question is how the use of lysozyme affects the develop-
ment of the starter bacteria (lactic acid bacteria) or the organoleptic
properties of the cheese. Lodi et al. (9) found that in most cases lyso-
zyme up to 250 ppm to the cheese milk has non effect on growth of
the starter bacteria, their acid production and proteolysis in cheese.
Lactobacillus helveticus, however, was inhibited to some extent and
the proteolytic activity diminished. Battistotti et al. (10) observed so-
me change in organoleptic properties in Grana cheese when made from
milk to which lysozyme had been added. '

Gouda cheese is very susceptible to butyric acid fermentation. In
a recent paper (11) we mentioned the critical numbers of spores of bu-
tyric acid bacteria per ml of cheese milk starting to cause butyric acid
fermentation in Gouda cheese. When no nitrate is added to the cheese

milk, this number is about one or two clostridial spores per 200 ml
of cheese milk (0.005-0.01/ml). When nitrate is added to the cheese milk
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FIGURE 4. Reaction mechanism of ¢ type lysozyme [reprinted with permission from Imoto (1996); copyright
Birkhauser].

bind six sugar residues (Imoto, 1996). The six subsites along the active site cleft position
the catalytic groups Glu-35 and Asp-52 between subsites D and E.

IV. ANTIMICROBIAL ACTIVITY

A. Mechanism of action

Lysozyme promotes catalysis by inducing steric stress in the substrate. The reac-
tion mechanism of lysozyme is illustrated in FIGURE 4 (Imoto, 1996). Asp52 and Glu35
are the precise amino acids that participate in the catalysis. G/u35, which lies in a
hydrophobic environment, participates in catalysis in the protonated form, and Asp52,
which lies in a hydrophilic environment, does so in the dissociated form. The bond
between this oxygen and C1 on the D sugar is cleaved. A carbonium ion is formed on the
D sugar and this is stabilized by the formation of an oxocarbonium ion. The distortion of
the D sugar from the chair form to the sofa form favors this process. The negative charge
on Asp52 stabilizes the formation of a positive charge on the D sugar. G/u35, which par-
ticipates in catalysis in the protonated form, has an abnormally high pKa of 6.1 (normal-
ly 4.3), thus enhancing the catalytic efficiency. This abnormality is produced by the neg-
ative charge of 4sp52 and by the surrounding hydrophobic environment, especially of
Trpl08 (Inoue et al., 1992a; 1992b). Site-directed mutagenesis studies in which 4sp52 and
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In Gram-negative bacteria, the peptidoglycan that makes only 5-10% of the cell
wall lies beneath the outer membrane of the cell envelope. The lipopolysaccharide layer
of the outer membrane acts as a barrier against macromolecules and hydrophobic com-
pounds. The lipid component of the inner core of the lipopolysaccharide molecules
through their content of phosphate and carboxyl groups and their electrostatic interactions
with divalent cations reinforce the stability of gram negative bacteria cell walls towards
microbicidal agents such as lysozyme.

The antiviral activity of lysozyme is not associated with its lytic activity and was
reported to be associated with the positive charge of lysozyme (Cisani et al., 1984).
Addition of negative charges on lysozyme molecule, by succinylation, did not induce
antiviral activity against influenza virus (Schoen et al., 1997). It is possible that a purely
electrostatic effect of a protein does not suffice for antiviral activity. Possibly, a much
more specific interaction is involved.

Recently, Diiring et al. (1999) unexpectedly discovered that heat denatured T4
lysozyme as well as hen egg white lysozyme, in which the enzymatic activity was abol-
ished, preserved its antimicrobial activity. The membrane perturbing activity of denatured
lysozyme was demonstrated on bacterial, fungal, and plant cells. The amphiphatic C-ter-
minal domains of the lysozymes seem to have mediated the bactericidal and fungicidal
activities of the denatured lysozymes. A synthetic peptide, with sequence homology to the
amphiphatic C-terminal of T4 or hen egg white lysozyme, showed bactericidal and fungi-
cidal activities similar to the microbicidal activity of the C-terminal domain of heat dena-
tured T4 and hen egg white lysozyme. This finding suggests that lysozyme has both enzy-
matic and non-enzymatic microbicidal activity in native and denatured state, respective-
ly. Therefore, the antimicrobial activity of lysozyme may not be limited by heat treatment
encountered during food processing operations.

B. Spectrum of activity

Lysozyme is most effective against some specific gram-positive bacteria includ-
ing B. stearothermophilus, Clostridium thermosaccharolyticum, and Clostridium tyrobu-
tyricum. The spectrum of activity of lysozyme is easily broadened to other spoilage and
pathogenic organisms and even to some gram-negative bacteria when lysozyme is used in
combination with other compounds. Johnson (1994) demonstrated that lysolecithin
enhanced lysozyme inhibitory activity against yeasts. Gram-negative bacteria became
susceptible to lysozyme after the outer membrane of the bacteria has been disrupted by
compounds such as EDTA, aprotinin, organic acids or when lysozyme was conjugated to
carbohydrates (Johnson, 1994; Pellegrini et al,, 1992). It has alsobeen shown that within
some species, lysozyme may have different inhibitory activity against bacteria. Lysozyme
was shown to be effective against some S. aureus and ineffective against some others
(Johnson, 1994). Salmonella senfienberg 775 W is sensitive to lysozyme while S.
typhimirium is not. The spectrum of antimicrobial activity of lysozyme against gram-neg-
ative and gram-positive bacteria is shown in T4BLE and T4BLE 2, respectively. Results
are mostly from in vitro studies and have been compiled from different sources (Cisani et
al., 1984; Carini et al., 1985; Johnson, 1994).
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TaBLE 2. Antimicrobial spectrum of lysozyme against Gram-negative bacteria

Family Species Sensitivity

ENTEROBACTERIACEAE Escherichia coli -/ndr/+
Salmonella typhimurium I+
Shigella +

Proteus vulgaris -
Serratia marcescens .

Erwinia spp. +
Yersinia enterocolitica m+
PSEUDOMONADIACEAE P. aeruginosa +
P. fluorescens ndr
Achromobacter spp. -
PASTEURELLA Pasteurella spp. +
NEISSERIACEAE Neisseria spp. +
VIBRIONACEAE Vibrio cholerae
CAMPYLOBACTERIACEAE Campylobacter jejuni m+
KLEBSIELLEAE Klebsiella pneumoniae -
+ = sensitive, = = resistance, m+= moderately sensitive, nds= not demonstrated sensitivity, ndr = not demon-

strated resistance (modified from Cisani et al., 1984; Carini et al., 1985; Johnson, 1994).

known to undergo any adverse chemical or organoleptic changes that would be of concern
under normal food processing conditions.
Lysozyme has proven to be an economically viable alternative to chemical
preservatives in a number of food applications, most notably in cheese making.
Lysozyme is selective, at the level used industrially, for certain gram-positive
spoilage bacteria and may not interfere with a number of organisms that are considered to
be beneficial for human health.

B. Physiological advantage to host

Since its discovery, lysozyme has never lost its role in the control of bacterial
infection and the modification of host immunity (Sava, 1996). Lysozyme added to foods
is destroyed in the human stomach, making it harmless to humans. Lysozymes of both
human and avian origin kill gram-positive bacteria, binds to most of the lipopolysaccha-
rides (LPS) produced by various gram-negative bacteria, independent of variations in the
structure of lipid A and /or polysaccharide portions of the LPS molecule, with a high bind-
ing affinity to produce a complex, LPS-lysozyme, which results in lipopolysaccharide
detoxification and lysozyme inactivation. As a consequence of the detoxification, the bio-
logical activities of LPS such as the mitogenic and tumor necrosis factor (TNF) produc-
tion are significantly reduced by the LPS-lysozyme complex. The biological activity of
LPS, such as the mitogenic activity of murine splenic B lymphocytes and the TNF pro-
duction of RAW264.7 cells in vitro and of mice in vivo, were significantly reduced by
lysozyme (Takada et al., 1994).

Lysozyme, orally administered, has proven to be an effective immunostimulant,
antiviral and anti-inflammatory in cancer patients and individuals with herpetic lesions
(Inoue, 1987; De Douder & Marias, 1974; Satoh et al., 1980).
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FiGURE 6. Comparison between good Grana cheese and C. tyrobutyricum contaminated Grana cheese [reprinted
with permission from Canadian Inovatech, Inc. (1999); copyright Inovatech, Inc.].

1989). Lysozyme at 20 to 35 mg/L successfully replaced commonly used preservatives
such as formaldehyde, nitrate, nisin, and hydrogen peroxide in protecting cheese against
C. tyrobutyricum. Formaldehyde, nitrate, and nisin may be inhibitory to the starter and
secondary cultures required for the ripening of cheese. There was no significant differ-
ence, organoleptically, between lysozyme stabilized cheese and nitrate stabilized cheese.
The effectiveness of lysozyme in providing a natural enzymatic protection against C.
tyrobutyricum is directly associated to its specificity. In general, lysozyme inhibits the
spoilage organism, while not interfering with the starter culture. The activity of four
starter cultures, in Gouda chefzse, was not inhibited by lysozyme at concentration up to
2500 units/ml while growth of coliform isolates was inhibited by 1000 units/ml of
lysozyme (Bester & Lombard, 1990). In specific cases the tolerance level of the starter
culture may be somewhat lower and special care must be taken to inhibit spoilage with-
out inhibiting the culture. Lactobacillus helveticus in milk was inhibited by a lysozyme
concentration higher than 50 ppm (Makki & Durance, 1996).

Several patents claim the effectiveness of lysozyme at concentration as low as 50
ppm to prevent the development of undesirable microorganisms in butter and cheese for
more than 24 months. A patent obtained by Dell’Acqua et al. (1989) reported enhance-
ment of lysozyme activity around pH 5.2 in milk. Large volumes of lysozyme, about 100
tons, are used annually by the cheese industry to prevent the growth of C. tyrobutyricum
from germinated spores.

Listeria monocytogenes is of greatest concern in soft cheese and milk (Farber &
Peterkin, 1991; Schuchat et al., 1992). Lysozyme, at 20 to 200 mg/L delayed the growth
of all four strains of L. monocytogenes isolated during a food poisoning outbreak
(Johnson, 1994). The sensitivity of the pathogens to lysozyme depended mostly on the
physiological state of the microbe and on the growth medium. Milk and dairy products
have contributed the most to the outbreak of listeriosis. The rate of survival of L. mono-
cytogenes in milk is very high and the resistance to lysozyme has been associated with the
presence of minerals or mineral-associated components. [n Camembert cheese, lysozyme
was bacteriostatic but did not rid the cheese of viable L. monocytogenes (Hughey et al.,
1989).

2. Alcoholic beverages: Microbes commonly found in wines are non-pathogen-
ic because of the alcohol content and pH of wines. The most common bacteria and yeast
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disease outbreaks mostly in the US. Outbreak data have linked Salmonella, Shigella, E.
coli O157:H7, Enterotoxigenic E.coli, Cryptosporidium parvum, Cyclospora, Bacillus
cereus, hepatitis A virus, and L. monocytogenes. Fruits and vegetables are low-acid foods
and are very susceptible to spoilage by C. botulinum strains and L. monocytogenes. Three
US patents obtained by Dell’Acqua et al. (1989), Johnson et al. (1991), and Ueno et al.
(1996) report on bacterial decontamination of vegetables using hen egg white lysozyme.
The synergistic effect of chelators, in combination with lysozyme, delayed toxin produc-
tion in potato suspensions (Cunningham et al., 1991). Fruits and vegetables may also be
contaminated by non-pathogenic bacteria and fungi that may alter the quality of the prod-
uct. Fresh vegetables, tofu, kimchi, Japanese potato salad, sushi, Chinese noodles, and
creamed custards have been preserved using lysozyme or a combination of lysozyme and
amino acids (Cunningham et al., 1991). Patents filed, in Japan, by Eisai (1971; 1972a;
1972b) report the use of lysozyme in combination with glycine to preserve fruit juice,
uncooked noodles, bean jam, and custard cream. Fruit and vegetables were preserved by
a combination of lysozyme chloride, lower fatty acid monoglyceride, phytic acid and /or
sodium acetate (Q.P. CORP., 1985).

5. Chewing gum and toothpaste: Lysozyme, in chewing gum formulations, was
effective against periodontitis-causing bacteria, and gingivitis associated inflammation
and bleeding (Sava, 1996). Lysozyme is used in toothpaste, in combination with chloride,
fluoride, thiocyanate, and bicarbonate to lyse Streptococcus mutans (Goodman et al.,
1981). A US patent reports the use of lysozyme in combination with EDTA to control gum
infections (Rabussay, 1982).

C. Synergism - the hurdle effect

Lysozyme is not totally effective against all gram-positive bacteria and is inef-
fective against most gram-negative bacteria. Hurdle technology has been defined as a
combination of existing and novel preservation techniques in order to establish a series of
preservative factors (hurdles) that any organism present in the food system should not be
able to overcome (Leistner et al., 1995). Each preservative factor individually affects the

~ growth and survival of microorganisms and concertedly controls microbial spoilage and

food poisoning and makes it unlikely for any microorganism to survive. The hurdles may
be a combination of temperature, water activity, pH, redox potential, enzyme antimicro-
bial, salt, sugar, pasteurization, bacteriocin, ultra high pressure treatment, edible coatings,
gas packaging, bioconservation, etc. The preservative factors may disturb several or just
one of the homeostatic mechanisms of microorganisms, such as pH habituation of resis-
tant cells, and as a result the microorganism will not multiply but instead remain inactive
or even die. Hurdle technology as applied to lysozyme has shown significant improve-
ment in lysozyme activity against a wide range of bacteria. The combination of natural
preservatives such as nisin, lactoferrin, glycine, organic acids, egg white, trypsin, apro-
tinin, gelatin, ultrahigh pressure, and electroporation has in most cases performed better
against a wide range of bacteria than lysozyme used singly (Hauben et al, 1996; De
Douder & Marias, 1974).

Lysozyme and nisin, used singly or in combination with EDTA, was incorporat-
ed into the structure of biodegradable packaging films made from corn zein or soy protein
isolate and was evaluated for inhibition against Lactobacillus plantarum NCDO 1752 and
E. coli ATCC 25922 (Padgett et al., 1998). Packaging films were made using the heat-
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" D. Potential applications

1. Meat products: Decontamination of meat and poultry carcasses during or at
the end of the production line is a recommended procedure as part of the HACCP
approach to help food processing facilities minimize the risk of contamination. In Europe,
chemical or physical treatment of carcasses are not allowed, while these treatments are
approved in the USA (Bolder, 1997). There is no report of meat carcass decontamination
using hen egg white lysozyme. The use of lysozyme as natural sanitizer to prevent bacte-
rial load on meat surfaces would fit the trend towards utilizing natural preservatives for
safety in foods. The shelf life of raw meat, following removal from carbon dioxide stor-
age, is always threatened by food pathogens and spoilage bacteria such as L. monocyto-
genes, Pseudomonas, Lactobacillus, Brochothrix thermosphacta, and E.coli. Lysozyme
delayed the growth of L. monocytogenes in fresh pork sausage but did not eliminate the
bacteria (Hughey et al., 1989). L. monocytogenes has been implicated in the contamina-
tion of paté, sausages and frankfurters (De Douder & Marias, 1974). Extensive work car-
ried out in Johnson’s laboratory at the University of Wisconsin, USA, has demonstrated
that lysozyme, alone, was less effective in controlling L. monocytogenes in pork sausage
(bratwurst), pork, beef, or turkey frankfurters than lysozyme plus EDTA. It was suggest-
ed that lysozyme may have inhibitory activity against L. monocytogenes in meat products,
but more conclusive work needs to be done. The synergistic effect of chemical preserva-
tives such as EDTA, polyphosphates, phytic acid, parabens, benzoic acid, sorbic acid,
hydrogen peroxide, and p-hydroxybenzoate was essential to delay growth and kill a sig-
nificant number of L. monocytogenes cells in minimally processed meat products men-
tioned above. Nisin, in combination with lysozyme, was more effective than lysozyme
alone on meat products. [z vitro studies have also shown delayed growth of L. monocyto-
genes cells but not a total growth inhibition. Lysozyme alone or in combination with other
biological preservatives offers an additional and acceptable processing parameter for
improving the safety and assuring the quality of meat products. Cunningham et al. (1991)
reported that vienna sausages were best preserved by a combination of dipping the cas-
ings in 0.05 % lysozyme plus phosphate buffer at pH 6.5, adding 0.055% lysozyme to the
cured meat, and dipping the sausage in 0.05% lysozyme in phosphate buffer at pH 6.5
after cooking.

Lysozyme contains a pentadecapeptide sequence I-V-S-D-G-N-G-M-N-A-W-V-
A-W-R (amino acids 98-112), obtained by enzymatic hydrolysis using clostripain at pH
7.5 and 37 °C. The pentadecapeptide induced non-catalytic bacterial death, against E.coli,
Klebsiella pneumoniae, Serratia marcescens and Streptococcus zooepidemicus, while the
cell membranes of these bacteria were not enzymatically attacked by native lysozyme
(Pelligrini et al., 1997).

2. Wine spoilage: The potential application of lysozyme as a partial replacement
of SO, to control malolactic fermentation in wines has reached industrial trials as the
enzyme has shown its inhibitory effect on the growth of lactic acid bacteria (Green et al.,
1995a; 1995b; 1995¢; Amati et al., 1995). Two other enzymes considered as effective
alternatives for reducing SO, use in wines are glucose oxidase and catalase. Glucose oxi-
dase and catalase are safe and effective anti-oxidizing systems. Glucose oxidase has been
used successfully to stabilize flavor and color in bottled white and rosé wines (Gomez et
al., 1995; Pickering, 1998). The addition of lysozyme alone or in combination with an
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has been shown to increase the apparent heat resistance of spores of non-proteolytic C.
botulinum. A 6-D inactivation could not be achieved with a heat treatment equivalent to
19.8 min at 90 °C and growth of Clostridium spores was detected in less than 93 days as
compared to samples containing no lysozyme, which did not show presence of
Clostridium for at least 93 days (Peck et al., 1993; 1992). Peck and Fernandez (1995) sug-
gested that for processed foods containing lysozyme at concentration up to 50 pg/ml prior
to heating, with an intended shelf-life of no more than 4 weeks and temperature of expo-
sure approaching 12 °C, incubation at temperature <12 °C would be required to ensure
safety with respect to non-proteolytic C. botulinum.

Lysozyme is probably not used extensively in processed cheese making because
the processing temperature was thought to be typically high enough to cause a significant
reduction in enzyme activity. However, the finding by Diiring et al. (1999) on lysozyme
will probably find applications where food is processed at temperature above lysozyme
denaturation temperature.

Cost has been another factor that has limited the use of lysozyme in applications
where the use of standard chemical preservatives, such as potassium sorbate, and nitrates,
is less expensive. However, as consumer demands for more natural and healthy food prod-
ucts increase over time this hurdle may be overcome as the ‘nutraceutical attributes’ of
lysozyme alone or in combination with other antimicrobials and preservatives become
more evident.

VII. SAFETY/ TOLERANCE AND EFFICACY

.

A. Metabolism: Physiological turnover/clearance

Lysozyme, like many other low molecular proteins, is easily filtered through the
kidney, reabsorbed by the proximal tubular cells and catabolized in the lysosomes. This
property has opened the door to using lysozyme as anti-infective and carrier for renal
delivery of various drugs including anti-bacterial agents (Haas et al., 1997; Meijer et al.,
1996).

B. Cell culture and animal studies

Egg-white lysozyme bound to LPS from E.coli 0111:B4 suppressed TNF-a. pro-
duction from macrophage-like cell lines resulting in a reduction of the lethal toxicity asso-
ciated with LPS (Kurasawa et al., 1996). The binding of lysozyme to LPS reduces the
mitogenic activity and TNF production by LPS and may be an important therapeutic mod-
ulator of inflammatory response during sepsis and septic shock (Takada et al., 1994).

Immunization of Balb/c mice with hen egg white lysozyme stimulated T-cell
activation while a conjugate lysozyme-PEG lowered the T-cell activating capacity of hen
egg white lysozyme (So et al., 1996).

C. Clinical trials

Clinical trials of lysozyme have been reported with mixed results. Yamada et al.
(1993) reported clinical studies that showed the development of specific IgE antibody
titers to hens’s egg white lysozyme in children allergic to egg. A careful examination of
several publications, such as by Urisu et al. (1997), Bernhisel-Broadbent et al. (1994),
Aabin et al. (1996), Holen et al. (1990), Picher and Campi (1992), Anet et al. ( 1985), and
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A drawback of the above controlled Maillard reaction is the very slow reaction
rate. As an alternative to the atmospheric treatment, it was found that shortening of the
reaction time was successful by using a high-pressure treatment of a solution (150 Mpa,
60 °C for 1 h). A remarkable 200% increase in the lysozyme activity compared to the
untreated lysozyme may have been due to a decrease in heat denaturation of the enzyme
protein rather than the promotion of reaction rate. As a result, high solubility was main-
tained for lysozyme without melanoidin formation (Nakamura et al., 1997). The same
group later found that from a lysozyme/dextran mixed solution treated at pH 4.5 with
NaCl (0.1 M) under 192 MPa and 19.3 °C, 10.4% of the conjugate was obtained after 88-
min treatment. This yield should still need improvement compared to the dry-powder
process with higher than 70% yield. The high-pressure treated conjugate exhibited an
increased antimicrobial activity against E. coli and S. typhimurium. Much higher activity
against gram-negative bacteria was revealed by a lysozyme-lactoferrin complex conju-
gated with dextran (unpublished result).

Through chemical modification of lysozyme by linking a saturated fatty acid or
hydrophobic peptide (PhePheValAlaPro) to the C-terminus, the activity against gram-neg-
ative bacteria was detected (Ibrahim et al., 1991; 1997). The gram-negative cells have an
additional membrane outside the cell wall. The cells manipulate the biochemistry of the
wall in a way that causes a local change in the biophysical parameter analogous to surface
tension. A possible explanation of the inactivity of lysozyme is that the enzyme is
entrapped in the outer membrane through specific binding to the LPS and hence becomes
arrested at this site. The specific hydrophobic binding and the resultant inactivation of
lysozyme by LPS isolated from a variety of gram-negative organisms were reported
(Ibrahim et al., 1994).

3. Genetic engineering: Kumagai and Miura (1989) were successful in enhanc-
ing the cell-lysing activity of chicken lysozyme three-fold by simultaneously mutating
N37G, W62Y and D101G, despite the fact that individual mutants did not show increased
lysing activity.

High-level expression of lysozyme (550 mg/L) in Pichia pastoris was reported
(Digan et al., 1989). It is desirable to produce the enzyme with different pH optimum,
altered specificity, improved activity and stability (Imoto, 1996). Frequently, mutations
that boost enzyme activity occur in unpredictable sites for simultaneous mutation of more
than one site (Rawls, 1999). The application of a regulated random optimization for site-
directed mutagenesis is recommended (Nakai et al., 1998). Selection of amino acid
residues to replace at site, which are randomly chosen, is made by using amino acid scales
for hydrophobicity, propensities for helix and strand or bulkiness. The Windows comput-
er program written for genetic optimization could accommodate any new amino acid
scale, if it is effective in searching for important functions of proteins.

It is worth noting that only one amino acid substitution (//e55Thr or Asp66His) turned
human lysozyme to an amyloid fibril protein (Pepys et al., 1993). Most proteins may have
an inherent ability to form fibrils like those found in the brains of Alzheimer’s disease vic-
tims (Borman, 1999).
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In mcsi c23Rs thess nclingz are elither toc larges cr tco

rumercus. The rezson of tnis Is unknown.
Fcr clarificaticn, to answer the guestion if lysozyme influences
the alteraticon cf tlowing germs 22tivisy and/or other unwished
b ocrsitle ¢f ripening (coliforms, anaerchic sporogsnes)
ity till now unknown, further fests are needed.
S, up to todeay carried out to answer this gquestion,
contrary to the experiments made in Rothelz (1970) in
ernment Cheesemeking Research Institute, the lysozyme, in
ve estatlished concentrations, can considerably delate the
ment of clestridia and also influence the development and
tion capacity of Str. lactis.

From the curdling time, aete”nlned w1 h the help of a
lactodinamcgraph, i1t I1s possible to establish that the suitable
concenirztion tc prevent the blowing, i.e SCC U cof lysczyme/ml
cf milk, shertens or delates only a listis the curdling time and,
cornseguently, has no influence on the curdling of milk.

The verificaticn made with the lactodinamcgransh revezlad aiways
The same degrees of consistence of the curd
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The cheeses cbttained with the addition of little gquantities of
lysozyme ané that blowed after 10 weeks ripening anéd storage at 15°C
generally have a numter of anaerobic sporogen es higher than those
where the blowing was prevented with lysozyme addition, as clearly
shown by Weinzirl test on substrate of glucose sclution (table 1).
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According to these data, in need of confirmation, it is possible
to state that the cheeses obtained with a large quantity of lysozyme
as egg white or crystallized enzyme, are not different if compared
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e cheeses type EZDAM. It can be stated also that the
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Mcrecver, comparsd {c ths gzexed zheeses, they were alsc, aptarently,
mere tasty because ¢l ths rirsning mads withcul 2ny packing and of
the higher evzrcrzticn and, therefore, they wers mere "compacs".
3.4, Influence of lysczyme cn curdling

Tc determine the influence of different quantities of added
lysozyme con curdling, it was checxed the curiling time (see 2-4)
of contrel-milk without any addition and test-milk with additiors
T . in crder tc aveid the influence of milk inconstant
curdling times. The average curdling time of ccntrol milk was of
acout 3& minutes (range 29-46 minutes).

By a2dding nizrats cr zltumine, the curdling times were
sherftened cof 2,3 z2nd 4,% minutes riscectively; ty adding egg whit
or crystazlliized lysczyme, such times were increazssdé cf 5,5 ané 1,6
minutes rispectivaly. TFurthermors, the addition of =gz white caused
an Increzse ¢f zurdling time in azcordance with its concentraticn:
wizh 3C00-3CC T/mi{2as =gz whi<e) the Increzse of curdling time was
of zkecut 2,3 minusses and with 5CC-3CC U/ml was of adout 10,1 minutes.

L, ZVALTUATION OF RESULTS AND CONSEZQUENCES

The previous works purpcse was to establish if the nitrate, till
ncw used in cheesemaking vc prevent the late blowing, could be
repliacsd ty lysczyme dpresent, In large quantities, in the egg white.
On the basis of tests carriszd ocut till now, it is possible to state
that the minimum suiiatls concentrastion of lysozyme is atout 500 U/ml;
such ccncantrztion i1s higher than the one established by- other
investigators, i.s. almost mecre than twice. : i
Since the procduction standards followed ty said investigators in
thelr experiments are not revealed and, above all, there are no data
concerning the bactericlogical quality of milk used to this purpose,
it is difficult to esteablish why the lysczyme was added in concentra-
ticns higher than the suitable ones. It can be only supposed that the
milk used in Hungzry, Poland and Norway was, as regards the anaerobilc
spores ¢f BAB responsible of late blowing, of better guality than the

milk used in the above mentioned tests.

This fact is nct surprising as the above milk was stored in the farm
and then collected the day before manufacture and stored again at 8°C
for one day prior to use. As consequence, it could be ascertained
that the milk usad for this prcduction was unusually higHly contaminated
frcm the microbiolcgical point of view.

turers may employ &

Al<hough, in generzl, the cheese manufac
raw milx tacteriologically better, it is impessible, by a minimum
concentration of lysczyme, to avoid the nharzard of blowing that is






: All corntrcl cheesses Wers contzining an nigh numter of zrnzercoic

: spcrogenes thnat, accerding to Weinzirl, gave 7-10 pesitive results

! crn 10 tests, after 7 days incutaticn {(tabls 2} znd, excect for
scme cases, wers mere or less nighly blowad zfter 5 weeks ripening,
Wwith 2 sccore ¢f 1-3 for extsrrnal aspect ané 0-Z for internal aspect.

) Excepting the conircl cheeses of test n. 11, that were sho wing a

! pcor blowing (4 points for the external aspect, 2-3 points for the
internal aspect and 2-3 pcints for smell and taste) and exventing

§ also the control cheeses of test n. 12C, that were showing no evident

; tlowing after 5 wesks ripening, the typical phenomena of late bl owing

i appeared in the cheeses made with 400-500 U of lysczyme as albumine

; after an abnormal ripening of 10 weeks at 15°C.

i Said blowing phenomena, more or less evident, appears in these
prolunged ripenings alsc in the other cheeses obtained with albumine

; (tests rn. 124 znd R).

i The resulzs of senscorial tests cn lysczyme chees2s stored for

* 3 wesks 2t 3°C - tesis seriss ©-1% - zre reported in the table n.3.
Zxcepting the chesses ottalined with altumine (tests n. 12-13C) it
can 2 steated That the groducticn of chesses withous plowing is
rossitls with a concentration ¢f 300 U of lysczyme/ml of cheesemilk,
when the raw milx has only a pceor pctential dlowing (test n. 11B).
Anywey, Wwith 2n aigher concsntrziticrn of germs (higher number of
pesitive resulss in Welinzirl test) zlsc the use of concentrations
cf either 40C U/ml cr 3CC U/ml is not sufficient, since in-the EDAM
chesse tne heles appear I heavy way (test rn. 104 and 10C).

Netwithstanding the abcve resulis seem, apparently, of no

acccunt, tThe lysczyme, as =2gg white or crystallized procduct, can
be usesd tO prevent the lzte blowing. The use of albumine containing
lysczyme in conecsnirasisn of 400-5C0 p/mi cazuses a mecre or less
significative heling (fest n. 12 and 13C). Cnly with test n. 12C
it was ottained an almest acceptable quality of cheese, probably
cdepending on the fact that anaerobic sperocgenes wesoons#ble of the
heling were not so active as the germs present in tests n. 124 and
128. The senscrial test on control cheese es, reported in table n.2,
gzve the same results. Therefore, by adding egg white or crystalli-
zed lysczyme, the cheeses obtained with 500 U of lysozyme/ml had
the same beraviour as those obtained with nitrate (test n. 13)

The analysis carried out on cheeses from series n. 12 onwards,
on the basis of butyric acid presence, revealed that the addition
of lysozyme to cheesemilk not only reduced the holings formation,
owed to the blowing germs, but 2lso the buty‘_c acid production
when the latter was not sa fficiently inhibited.

The nct-pack=d cheeses, waxed after ripening and right away
red, were, from the sensorial point of view, better than the
cheeses packsd and stored at 8°C In generzl, they had an harder
consistence and a stronger flavour similar to the GOUDA cheeses.

-~
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Exhibit 3

Enzyme Technical Association
Petition for Listing of Egg White Lysozyme on the “National List”

Commercial Confidential Information (CBI) Statement

The information contained in Exhibit 2 of this petition constitutes commercial confidential
information concerning an ETA member’s proprietary trade secret manufacturing process. As
such, all of the information contained in Exhibit 2 is protected from public disclosure pursuant to
the applicable provisions of the Freedom of Information Act.

A “CBI Deleted” copy is provided with Exhibit 2.



Results Zvaluation after
Cheese '1 vacked and ripened
- : 5 wesaks
at 15°C
Cheese 2 packed and ripened .
P 10 weeks
at 15°C
Cheese 3 packed and ripened
at 15°C for 5 weeks 10 weeks
ard stored at 8°C
for 5 weesks
Cresss 1 rigened at 15°C feor
5 weeks, waxed and 10 week
stcred a2t 8°C for U Wes«s
5 weeXs

In this way, leaving out the quality comparison between the
cheeses obtained with different quantities and type of lysozyme,
it was possible to control the following parameters: 1. if the
ripening, after 5 and 10 weeks at 15°C, went on nermally without
any blewing; 2. if quelity differences were recognizable between
the cheeses ripened after packing znd the waxed cheeses.
To be surs that the milk used for cheesemaking was effectively
contzining the germs responsible of blowing, for each test it was
macde, still using the same milk, a whole cheese without adding
anything that could prevent the late blowing. .

All these tests were made with:the follcwing types of lysozyme:
1. Egg white separated from fresh egg. 2. Purified and 3-times
crystallized lysozyme by Roth Co. 3. Egg albumine (dried and finely
pulverized) of Merck Co. The egg albumine had a lysozyme content,
in weight, 9,6 times higher than egg white. To complete the test,
it was also checked the quality of lysozyme cheeses éompared to the
quality of nitrate cheeses (test n. 13).

n all tests, the total bacteria count of raw milk resulted of
81x10 -114x1C° u.c.f./ml and the pasteurization effect resulted of
91,2-98,5%. This result was sufficient to considerably reduce the
number of coliforms. The Weinzirl test on anaerobic sporogenes
resulted of 6-10 positive tests on 10 paralilel tests.






er T cdays at 27°C) and, ccnssguenzly,
it he cheess. The crgaznclientic tess,
d eeks ripening at 15°C on lysczyme
s out that - countrary tc the results cf
d Aarnes (1¢7¢) - a lysczyme concentra<iorn of
200 U/ml (about C,0Cl%) is not sufficisnt to prevent the late
blowing. In three tests out of six (n. 5A-5B-6A) this pocr capacity

sts
(of lysozyme) was clearly noticed, after 5 weeks ripening, from the
le

pcint of view of organoleptic cuality; in fact, the cheeses showed
holes and defcrmations and also unpleasant taste and flavour
Even with the addition of 300 U of lysozvme/ml of cheesemilk (tests
n. TA-7B) the cheese tendec to blow, although the first blowing
fault was evident only after 5 weeks ripening, with the holings
formation.
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3.2. Influence c¢f the content ané type of lysczyme on the cheese
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ning 10C 1 of milk of same source and quality, with
quanticies of lysozyme,in standard conditions of cheese
cture. 3 of the U whole cheeses obtained were packed, after
ng, with paper; the fourth was waxed after 5 weeks ripening.
C. and stored for further £ weeks at 8°C; afterwards it was
t to corgancleptic test. Of the 3 packed whole cheeses, One
tatively exhamined after 5 weeks ripening at 15°C;
another after 1C weeks ripening at 15°C; the third after 5 weeks
ripening at 15°C and after a storage of furhter 5 weeks at 8°C
(See scheme)
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time by time, the type cf lysczyme, the milk used for the crece-
ra-ion of lysczyme suspension and the ricering culiures in
crezzsence of ccliforms.

Tre series ¢l tests n. U4-3 was useful cnly to establish tne
lysczyme ccnecentrztion necessary to prevent the late blowing.
Every series was consisting of 3 tests, carried out in different
days z week, during which 2 whole cheeses were prepared with
different concentrations of lysozyme and a whole cheese was
prervares with the same raw milk but without any addition.

To be sure that the late tlcwing was really prevented by the
addition of lysozyme, the cheeses were tested both microbiolio-
gically and sensorially, not only according to the industrial
ccess, 3 after a ripening of S weeks,but alsoc after a
penin weeks at 15°C. Since the milks used in different
st from day to day and are ciffsrent one from the other,
0 regards the bacteriz count, toth gualitatively and
s 3 verificaticn of the chnesses ottained in different
differznt lysczymes ccncentraticns is, otviously,
with 2 cerzalin ressrve.

The resulis c¢f 2nalysis cn milk and chesse zre- reported in
~“he snc.csed fatls n.l._ The total pacteriza count of raw milk is
tetween 26x210° and Txil~ germs/ml; the =f7ect of the pasteurization
iz ¢of 23,33-9¢,38%; the pasteurization can drasticzlly reduce the
numter ¢l ccliorms. Orly in two cases (Zest n. 54 and 63), 1 and
0,1 rispectively ccliforms/ml of pastsurized milk can be found.
These results seem rot to influence the number of coliforms in the
ripened cheases.

The test carried ocut by Weinzirl 4o determine the number of
anasrcdlc sporogenes bacteria in raw milk, a2fter 3 days incubation,
resulted cf 2-10 positive tests on 10 parallel tests,and 9-10
rositive tests on 10 parallel tests afier 7 days incubation for
safety's sake. To the high number of positive tests, according to
Weinzirl, it alsc corresponds the fact, not evident in the table,
that, except fcr control cheese of test n. 6C, all control cheeses
cbtained without any addition of nitrate or lysozyme show, after

© weeks ripening, a more or less significative late blowing
(deformations, holings).The control cheeses of test n. 6C, after
S weeks and also after 10 weeks ripening, show no visible late
blowing, although it can be experienced a quite strong taste

(bitter).

While there was no evident correlation between the concentra-
tion value of lysczyme and the number of coliforms in ripened
cheeses, on the countrary, it seemed that a correlation was existing
between the first value (lysozyme concentration) and the Weinzirl
test: <0 a2 low lysozyme concentraticn (200-3CC U/ml) it was

crrespending an high number of anaerobic sgporogenes (5-10 positive

(4

-
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periacetic acid, calcium borogluconate, animal enzymes, leather meal and sodium chlorate.

WEDNESDAY, NOVEMBER 15, 2000

CALL TO ORDER - MR. ROBERT ANDERSON, CHAIRPERSON

Mr. Robert Anderson called the meeting to order at 2:20 p.m., he welcomed everyone and thanked
them for coming. Mr. Anderson had the National Organic Standards Board (NOSB) members
introduce themselves as well as the guests assisting them.

Public Comment Session - Mr. Robert Anderson, Chairperson

Tom Harding, AgriSystems International

He testified in favor of organic certification of sustainably harvested wild caught fish. He told the
Board that it must look at the system to determine how these fish are managed. He supported labeling
al product in a legal and defined way. He encouraged eco-labeling. He also said that

"access to pasture” must have a clear definition and that the Board must recognize that all operations
under all conditions are not appropriate for pasture all the'time. He supported a standards ceiling and
recommended that USDA not place a ceiling on standards.

Dennis Blank — He discussed his inability to get free flowing information from USDA or the NOSB.
(See attachment 1)

Bob Anderson replied that "not one committee on this Board makes a decision away from this table".
Mr. Anderson went on to say that never in his six years on the Board, five as Chairperson, did he ever
know of any Board member withholding information from the media. Mr. Anderson finally asserted
that it is the responsibility of the media is to engage in accurate reporting. Bruce Krantz, Vice
President/General Manager Hynite Corporation — Mr. Krantz presented comment on the Board’s
review of Leather Meal. (See attachment 2)

Joe Mendelson — Speaking on behalf of the Campaign for Sustainable Agriculture, he referenced a
letter attached to a recent survey results. Mr. Mendelson reviewed the content of the letter with the
Board, and discussed issues of transparency and development of program manuals. (See attachment

3)

Brian Leahy, Executive Director of CCOF — Mr. Leahy requested that the Board reject the petition
to approve leathermeal and sodium chlorate, and spoke in support of the label for "made with organic

ingredients".

Cissy Bowman - She expressed concern for keeping small farmers on farms and the need for the
stakeholders to include these interests. Ms. Bowman encouraged NASOP to be more involved as
many new states developing organic programs are not familiar with the stakes involved.

Tom Hutcheson, Organic Trade Association — On behalf of OTA, he welcomed the new NOSB
members. Mr. Hutchenson made reference to OTA’s historic role in the development of industry and

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final_Min11-00.html 4/25/2002



¢l lysozyme ccritant in the milk,
tart of the lysczyme 2ided to milk
zased with the storage time, rea-
to the guantity added tc the milk
£-13% was of abtcut 78,8%).

ed that only a part of the enzyme

Tbe recovery of the enzyme in the whey was of about 88-98%.
If the lysozyme was addsd to milk prior to rennet, only a part
cf it could be found in the relevant whey. In general, this
quantity was nearly the 5-107%, so that atout the 90% of lyso-

zyme was linked to the curd and this result was considered

significative.

3.2. Prevention of the late nicwing

Before estatlishing the lysczym
to prevent the lz27s blewing, it was ¢
TC prcducs the IDAM chesse with lyscz
accerding tec the orocduction process o
(18745 . To thnis zurzcse, a seriss of
3 different days 2 week, dy preparing
milx iz2 with lysczyme, a control €
with nitrzte anéd a whecle cheese mide e s
without any addition. These tests, that cnpl yed lysozyme
guantities of 200-500-100C U/ml of cheese milk, proved that it
is possidle to procuce the EDAM cheese also with the addition
of lysczyme in Incdustrial scale and that withou:t the addition
cf nitrate cr lysczyme the late ticwing appezrs for certain,
trovided that the ccontent of anszerctic sporogenes is sufficiently

Since the manufacturs cf ZDAM cheese, with the additicn of
nitrate, causes no protlems when the operaticn is made accordingly,
no further control tests were deemed necessary. On the other hand,
as control test, it was used the cheese obtained without any
addition becauss, for this cheese, only the late rlowing test is
necessary, provided that, in raw milk, a sufficient number of
butyric spores producing the late blowing, is present.

Therefore, it is evident that the prevention of the late blowing
is owed to the presence of lysozyme.

In every milk, prior and after the pasteurization, it was
determined the total bacteria count and the number of coliforms.
The cheeses ripened 5-10 wesks were tested from the point of view
of the presence of znaerctic sperogenes and analyzed both micro-
biclogically and senscrially. The microtiological test was
carried on during the experiments to detect the number of coli-
forms and anaerozic s s. Furthnermore, 1t was analyzed,
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national standards and the offer of the association to continue that role. (See attachment 4)
The following people were not present but sent public comment to the Board:

Philip LaRacca, President California Certified Organic Farmers (See attachment 5)
Richard C. Nelson, President Nelson & Sons Inc. (See attachment 6)

Peter Granger, Washington Fish Growers Association (See attachment 7)

Ronald W. Hardy, Professor University of Idaho (See attachment 8)

Scott P. Ager, Technical Services Manager CH20, International (See attachment 9)

End of Public Comment

The meeting recessed for the day at 3:10 p.m.

THURSDAY, NOVEMBER 16, 2000

The meeting reconvened at 9:15 a.m. Bob Anderson encouraged the Board to stay engaged; stay open
and to continue to build on the environment of good working relationships, to strive for more
diversity on the Board and in the marketplace. Mr. Anderson passing the gavel to NOSB Chairperson
elect Carolyn Brickey. The agenda was reviewed with no changes.

NOSB COMMITTEE ACTION ITEMS - MS. CAROLYN BRICKEY, CHAIRPERSON

Livestock Committee: Mr. Eric Sideman, Chair

Mr. Sideman reported that the use of parasiticides in organic livestock production should be the last
resort in organic livestock health care, when animals are severely infected. In conventional
production, parasiticides are used routinely. He reviewed the history of how the Board approved
Ivermectin as one of the three parasiticides submitted for review. The Board chose Ivermectin
because it has the widest number of applications. On the other hand, Mr. Sideman pointed out,
Ivermectin does pose an important risk that needs to be addressed. Since Ivermectin is also an
insecticide it kills dung beetles and other organisms involved in the decomposition of manure. This is
a particular concern with slow release formulations of the parasiticide because such products are
designed to be active over an extended period and thus a large portion of the manure deposited over
the grazing season is resistant to decomposition. Hence the Livestock committee will recommend an
annotation to the approval of Ivermectin that will prohibit the slow release formulations.

Emily Brown-Rosen explained the issue of approvals of ingredients for livestock feed. She
introduced a proposal from the committee: if materials have been specifically approved for use in
organic processing and also are approved either as listed in 21CFR or the American Association of
Feed Control Officials (AAFCO)annual publication for use as livestock feed, the material should be
allowed for use in organic livestock feed. Betsy Lydon asked if this is a roll back, to review all the
approved ingredients in processing and allow them for use as livestock feed ingredients. Mr.
Anderson asked if this policy should work in reverse: to approve if not prohibited, by the AAFCO list
and CFR 21. Willie Lockeretz asked if there is a realistic difference in environmental concerns in
livestock use that would not be present in food processing. Mr. Sideman will prepare a proposed
resolution for the Board.

Materials Committee: Ms. Joan Gussow, Chair

http://www.ams.usda.gov/nop/nop2000/boardmeetings/N OSB_Final_Min11-00.html 4/25/2002
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coment time wzs ¢f 16 hours. As indicator, it wasused
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aration and evaluation of the cheeses

The EDAM cheese was produced with pasteurized milk (62-
€4°C/30 minutes) according to the process established by Prokopek
and Schmanke (197%4). For the manufacture of each cheese, were
used special containers of parallelepiped form, with a capacity
cf 25 1 each, where a totzal of 100 1 of milk was introduced
(28 2 in esackh corntainer). The addition of lysozyme in the
chessemaking was made Immediztely orior to rennet, as concentra-
t=22 suspensicr of enzyme in additicnal pasteurized milk.

In order To =valuats the eflfscts of nitrate znd cf
diffsrent lysczyme types on the curdling, it was checked the
formaticon and the consistence ¢f cassin curd, by means of a
lzctodinamecgrazn (Vess and Schmanks, 1973) during Fhe rising of

: ¢. Tc estimate the right consistence of curd, it was consi
the times necessary te reach a2 surface of 3 mm. after tbe
king of the curd (cirdling time).

The
according
(157L) cn
internal

5.1. Accur

enzy

Aczo:

standard

evaluation of cheeses ripened 5-10 weeks was made

to Vess (19€8) and alsc tc Wasserfall et al. advices
the basis of the fcllowing parameters: external aspect,
aspect, consistence, flavour and taste.

SULTS OF RESEARCH

acy in lysozyme determinaticn and recovery of the

me in:milk and whey
rding to the above menticned method, it was drawn up a
curve to determine the content of lysozyme.

The correlation between the extinction and the logarithm of the

lysozyme
with the
samples,
With the
cther, it

cencentration resulted in the range of 25-3,125 U/ml
help of a linear regression analysis, so as to have the
after the suitabtle dilutions, on the curve.

help of repeated determinations, different one from the
was found, on the same line of the relative error, a
Since every determination of

value of max. %,80% for each tes<t.

lysozyme ccntent was carried out with an average of values
obtained through twe different dilutions, each one repeated three
times, It was verified that every ccrnicentraticn of lysozyme had

2 max. =rrzr of 2%
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Ms. Gussow presented the Materials Database prepared by Organic Materials Review Institute
(OMRI). Ms. Brown-Rosen further explained the database. One purpose of the document is to
provide a history of materials review for new Board members. Ms. Brown-Rosen asked for
suggestions about format or request for additional information. Board members were asked to
respond to Joan Gussow or Kim Burton, NOSB Materials Committee, not to Ms. Brown-Rosen or
OMRI. Once corrections to format or accuracy are made. The database will come back to the Board
for acceptance. Carolyn Brickey noted that the Board would develop a document for historical Board
decisions not dealing with materials. This project will begin shortly.

The Materials Committee report was halted for an Environmental Protection Agency (EPA)
presentation.

PRESENTATION BY MR. JIM JONES, DIRECTOR, EPA PESTICIDE
REGISTRATION DIVISION

Jim Jones explained the status of the inerts review program at EPA. List 3 inerts already in approved
organic materials seems like a logical place to begin a review. Owusu Bandele asked if EPA could
also review materials for use as fertilizers as well, but EPA does not regulate fertilizers. Keith Jones
thought the American Association of Plant Food Control Officials (AAPFCO) might facilitate that.
Mr. Jones also discussed a new program that EPA will propose to offer manufacturers who petition
EPA the opportunity to obtain a seal that indicates that the product meets OFPA standards for organic
use. Manufacturers will need to submit a petition to EPA. This will be a voluntary program at the
request of individual pesticide manufacturers. Mr. Sideman raised the question about annotations for
organic approval and Jim Jones responded this issue would have to be addressed in the process. Keith
Jones asked the Board to think about language for such a label.

Becky Goldberg asked about the public comment period in relation to the March meeting. Jim Jones
suggested 90-120 days.

Keith Jones stressed the importance of language on the label. What EPA is doing is allowing
additional information to the marketplace, not engaging in oversight of the Board action. The issue is
how to communicate annotations. Willie Lockeretz is concerned about use by home gardeners who
may misinterpret the EPA label. Keith Jones reminded everyone that NOP does not regulate
consumers and home gardeners.

Steve Harper asked how the EPA will deal with materials that the NOSB recommends delisting.

Bob Anderson noted that this is an additional seal that manufacturers would see as a tool, an
incentive for organic practice. The EPA organic label would state that organic approval will be
allowed according to annotations, according to Jim Jones. Kyle Moppert noted that a violation of
label restriction would now be not only an organic violation but also a pesticide violation. Steve
Pavich asked how long it would take EPA to come up with this label. Jim Jones indicated that the
program could be up and running in about 90 days.

Carolyn Brickey asked for advice about the NOSB petition review process. The Board discussed the
opportunities for public comment and whether it would it be available for all material applications.
Ms. Brickey mentioned there might be some applications that would definitely not receive NOSB
approval and some may not have TAP reviews at all. Kim Burton mentioned the October 1999 time
line recommended by the Board and wants to consult with EPA.

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final Min11-00.html 4/25/2002



MTm=mT
Lo MZTECC

The ZdestermiInaticn cf lysczyme uses, as substrate, Micro-
coccus lysodelxticus cells killed by U.V. rays and, as standard,
an egg white lysczyme, three-times crystallized, by Roth Co. of
Karlsruhe, with an activity of 20.000 U/mg, according to the

method of Smclesis and Hartsell (1948) published by Difco Labo-

ratory (1966): each 5 ml of lysozyme solution is mixed with §
ml of substrate and its extinction is determineé in Elko III,
ty mezns of filters S55E, exactly after 20 minutes at room
temperature ((21°C).

For the determination of t nzyme in the milk, the whey
was cuaniiztatively recovered by 9*icii:"icaw.on with n~HCl at pH
4,5 and zubseguent filtrasicn thro igh f£i ter paper n. 595 1/2
by Schlsiczher and Schiill Co.; afterwards, the pE was increased
up to 5,2 wizn 0,1 n-NaOE. For the terminaticn (of enzyme) in
the whey, zne Tinzl clear sclution was centrifugsd for 15 min.
at atouf 20.0CC & =2t 2°C andé then filtered under vacuum through
a cellulcse nitrate-Tilter AEQ) by Schleicher andé Schiill Co.
with C,% um peores. . '

2.2. Ripening agents and microtiological analysis

As ripening agent, until now, it was used a mixture of
microorganisms with a proteclitic activity of nearly 25 pg of
released tyrosine/ml of milk in 5 hours at 30°C, 2nd 5% inoculum,
Afterwards, the proteolitic activity was determined according
o Hull method (1947) with the remarks of Citti et al. (1963)

croblological anzlysis on milk and cheese samples

ms _‘

+nNe MmicrT
were carrisd out according to the advices of Wasserfall et al.
(1974). .

-

Great care was taken in verifying that the milk used for
the cheesemaking and lysozyme suspension was free from any
inhibitory substance. For these analysis we would like to
thank Mrs. Dr.Suhren of Milk Hygiene Institute.

2.3. Determination of butyric acid

The butyric acid presence in the cheeses was determined
by extraction of volatile acidity, according to Ritter
method and by separation on paper chromatography. This test
was carried out in the decreasing phase by using a paper n.

il



November 2000 National Organic Standards Board Meeting Page 5 of 13

Materials Committee - Continued: Ms. Joan Gussow, Chair

The proposal for materials decisions for Crops, Processing, and Livestock was reviewed. Mr.
Anderson suggested that this document go out to the Board with the advanced Board packet.

USDA/NATIONAL ORGANIC PROGRAM UPDATE - KEITH JONES, PROGRAM
MANAGER

Keith Jones acknowledge the presence of Mr. Michael D. Fernandez, Assistant to the Administrator,
Agricultural Marketing Service (AMS), USDA. Mr. Fernandez briefly addressed the Board on behalf
of Kathleen Merrigan, Administrator, AMS. Keith Jones discussed the Freedom Of Information Act

(FOIA) process.

Keith Jones then reviewed the authorization levels for contracts for service. The Program Manager
has authority to execute contracts up to $5,000. Mr. Jones indicated that a contract over $25,000 may
not require bidding. Within certain guidelines, contracts can be sole sourced. Mr. Jones addressed in
detail the $100,000 contract awarded to OMRI for material technical advisory panel reviews which
was originally offered to both OMRI and the Organic Farming Research Foundation (OFRF) at
$50,000 respectively. He stated there have been some questions why NOP did not put the materials
review contract out for bid. He stated because of the time needed to do a request for proposal it was
decided to do a sole source contract under an "urgent and compelling" authorization. Finally, the
OMRI contract was submitted to both organizations and OFRF, after review, chose not to execute its
purchase order. To continue to obligate the funds, an additional $50,000 was then requested to be
awarded to OMRI.

Steve Pavich asked about competition. Mr. Jones said the Department tries to encourage competition
for requests for proposals, but indicated that there is little point in requesting proposals if only one
person or organization applies. Mr. Jones added that due to the unique and esoteric nature of organic
material review, vigorous competition among organizations may not occur.

The discussion returned to FOIA information. Steve Harper asked if some of the information being
requested by FOIA could be available on the web. Mr. Jones agreed that some information could be
made available, but not unapproved committee minutes and contract details. Until the minutes are
approved, they are considered pre-decisional and unavailable to the general public. Willie Lockeretz
asked if he should assume that any correspondence between the NOSB and the NOP are subject to
FOIA. Mr. Jones answered yes. Any Board business is subject to FOIA.

Keith Jones also explained that NOP is issuing a proposal for a staff person to do administrative
assistance for the NOSB. It will be a two-year contract for $20+K and will hopefully be on the street
within the week.

Mr. Jones explained that the final rule was undergoing clearance at the Office of Management and
Budget and is on target for publication by the year’s end. Ms. Brickey asked about advance notice to
the Board regarding the release, and Mr. Jones stated the Board would be briefed by a process similar
to that used with the March 2000 proposal. Specifically, the rule will be sent to Board members the
day before the press conference and will be on the web for pubic viewing the morning of the press
conference. Mr. Jones said that Secretary Glickman sees this rule as one of his crowning
achievements. Media interest is increasing.

The Final Rule becomes effective 60 days after publication if Congress does not object. Eighteen (18)
months after the 60 days, the rule will be fully implemented. Betsy Lydon asked if Congressional

http://www.ams.usda.gov/nop/nop2000/boardmeetings/N OSB_Final Minl11-00.html 4/25/2002



sesst and will Te uszd in the fuiTure.

%he trizls carrizd cut in the za2st yszrs ¢i< nct succeed in
finding any surzstance zatle Ic zontrcl the late tliowing In the
cheeses. As reported by Pulay and Xrasz (19%27) and later by
Koteroskz et 2. (16723, it is pcssitle to prevent the butyric
late blewing in the cheeses when the vet milk is added with
lysozyme, discovered by Fleming (1922) and afterwards characte
rized, as egg white at a concentration of 0,1-0,2% (about 80—
160 U of lysozyme/ml). These results were ratified by Aarne
(1974) whe estatlished that the addition of 1,0-1,2 g. of 1ys_q
zyme/100 1 of cheesemilk (about 200-240 U of 1 sozyme/ml)

could give good results.

The lysozyme is an enzyme cresent, in high concentraticn,
in many animals secretions (tears, mucous secretion, egg white
ete.) anéd is impcrtant because It cleaves the clycos:d;c

linkeges of the ceil wall betwsen N-zcefylmuramic z2cid and
N-acetylgliucosamine ané, ccnseguently, lyses z series of gram+
anéd grem- bacteria. The gram- bacteriz resistance tc lysozyme
iz cw2d Sc the odresence of CA++ icns, imrertant tc stactilize
tnhe lipcoolysaccharides, so that, through the removal of CA++
ions ©y ZDTA, the activiiy of lysczyme on murein is restored
(Da7is et 2l., 1S7C).

deccording to Pulay and Xrasz (18€7), the enzyme, at 2 con
centration of 1 ug/ml, has no zactivity cn lactic bacteria and
coliform bacteria and lyses the cell wall of Cl. butyricum at
a concentraticn of 10 ug/ml in buffer or distilled water at 15°C.
According to the results of Rothclz RBecks (1970), higher con-
centraticns cannet give better results tec control cor to decrease
the growing of clostridia in cheesemilk, whereas the lactic
bacteria benavicur on the enzyme is diffsrent. According also
to Xataoka and Xakae (1972), the enzyme has a different .activity
on E.. subtilis and S. lactis, depending on the enzyme concentra-

tion 2né the growing temperature. According to references
(Jolles, 19€0) the lysozyme is stable in acidic pH and unstable
in alkzline pH. The isocelectric pE is between 10,5 and 11,0.
The lysczyme is totally inactivated by pepsin, photoionization,
X-rays and surface active agents; it is irreversibly ihactivated
by iodine. Its molecular weight is between 13.000-18.000.

The results of experiments carried out in Hungary, Poland
and Norway to prevent the late blowing in the cheeses clearly
peint out that the nitrate, usually employed in Middle Europe,
can be replaced by lysozyme that is present, in large quantity,
in the egg white.

The present research was undertaken upcn request of the Ministr
of Youth, Family and Health, and by it sponsorized, in order to

establish a starting poéint.
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comments, if any, go directly to Keith. Mr. Jones said he would find out about the protocol under The
Small Business Regulatory Enforcement Fairness Act of 1996 (SBREFA). Mr. Jones said that no rule
of any kind has been rejected under SBREFA.

The top two issues for NOP after final rule roll-out are program manual development and materials
(substance) review. NOP will want input from certifying agents about how the rule will work on the
ground and will use feedback from certifying agents and the NOSB as a way to prioritize the program
manual development.

Bob Anderson asked Mr. Jones about the status of nominations for new Board members. Mr. Jones
replied that the nominations are a priority for the Secretary and Administrator Merrigan but that he is
not privy to the status of the selection process. Ms. Brickey stressed the need to have new members in
place by the next Board meeting which will focus on implementation of the final rule.

Accreditation Committee: Ms. Betsy Lydon, Chair

Betsy Lydon asked the Board for confirmation that the Enforcement Task Force is heading in the
right direction. She distributed the list of considerations for the memorandum of understanding
(MOU)between NOP and the States, the same document as previously seen by the Board. Betsy is
asking for any new comments. Two matrices, one for Crops and Handling, one for Livestock were
also distributed and she asked to come back with comments by December 1. For the benefit of new
members, Diane Goodman explained the relationship of the matrices to the MOU with the States.

13

MATERIALS PROCESS AND REVIEW - Ms. Joan Gussow, Materials Committee
Chair

Periacetic Acid for Crops

Discussion: Steve Pavich explained the committee position on the TAP review and recommended
approval with annotations Discussion revolved around the source of acetic acid and the production
availability of fermented acetic acid, rather than synthetic acetic acid. The crops committee
recommended to allow use for disinfecting equipment, seed and planting stock, and for foliar use for
fireblight control. They recommended it be prohibited for soil application, due to concerns that such
use is not compatible with a sustainable agricultural system and that alternatives, such as solarization
do exist. Foliar use on crops was discussed, and the crops committee found that although the material
is broad spectrum in effect, it is of short persistence and breaks down in the environment to water and
oxygen. Its potential use as an alternative to antibiotics for control of fireblight was seen as a positive

factor.

Several intermediary votes were taken on components of the annotation (vote to allow to disinfect
seeds and bulbs; 8-2-4: vote to allow for fireblight control: 10-3-1.) As written, the annotation would
not permit soil use.

The TAP review recommended limiting the material to sources derived from naturally fermented
acetic acid sources only, however after discussion of the difficulties of identifying and finding
sources produced this way, the crops committee agreed to drop this restriction. Steve Harper,
processing chairperson, pointed out that the listing should be consistent for all uses (crops,
processing, and livestock) and described his research into limited availability of fermented acetic acid
sources. When used in processing applications, purity considerations may also limit the source. He
also questioned a requirement for a natural source of one component when the material is considered

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final_Min1 1-00.html 4/25/2002
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TEE LATE BLOWING IN CHEEZSE

By F. Wesserfzll, E. Voss and D. Prokcpek

1. INTRODUCTION

In the manufacturs of chesses, the nisrate is usually added tc
the chessemllk to grevent the late blowing caused by the activity
¢l sctcrogsnic anzsrcbicz nacteria.

The sperss ¢f this tacteriz plzy an imperiant role because, being
already present in raw milk, they are nct destroyed during the
thermization (pasteurizaticn), contrzry to the most part of vege-
tative c2lls, znd produce bacteria thz: affsct the gocd ripening.
This fzct Is considerzbly dangercus since even few spores present
1n the cheesemilk may increase so as o start the late lowing
(Dorner, 1955; Bollingsr, 1652).

The importance of nitrate in preventing the late b”ow*ng
cepends on the fact that the added nitrate is reduced to nitrite
ty the xaznthincxidase of milk and, ccrseauent¢j, the vegetative
forms of the cpores, responsinle o the late blowing, are inhibited.
Among thess, the spores of Ci. tyrcoutyricum are contemplated.
Considering also that the nitrate can react with secondary amines,
present in the chesse, preoducing nitrosamines that are cancercgenic
substances, the possibility to avoid the addition of nitrate must
be taken Iinto considerztion. To snswer this question, the following
pcssibilities were exhamined (approval of BAFM, 1968):

1. The procuction of a raw milk, if possible fres from sporogenic

anaerobic bacteria (Wasserfall et al., 197L4) and, consequently, the
limitation of value of bacterioclogical content in the silage to
hinder the growth of butyric bacteria; 2. The reduction of number
of spores by using nect legalized hydrogen peroxide or
bactofugation; 3. The use of antibiotic nisin or nisin producing
bacteria; 4. A modification of the production process through which
it could be possible to prevent the increase of sald spores.

The above mentioned measures, as ascertained in these tests and in
others, up tc the present, were neot successful in preventing the
late blowing and, consequently, the nitrate is still used as in the
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a synthetic anyway. The board considered the overall benefits for use as a disinfectant to warrant
dropping the restriction on natural sources.

A question was raised about the uses actually requested in the initial petition. The original petition
was from the 1995 petition period, and was only a general request for disinfectant purposes in
livestock production and handling, although the TAP review covered other uses. The board agreed
with NOP staff person Richard Matthews, that as general policy, the NOSB should only be reviewing
uses requested by petitioners.

VOTE: Periacetic Acid for Crops

1. Synthetic or Non-Synthetic — The Board voted unanimously that periacetic acid is
synthetic.
14 - yes, 0 — no.

2. Vote to list without annotation: 0 — yes, 14- no

3. Vote to list with the following annotation: 13 —yes — 0 no, 1 — abstain

"Allowed to disinfect equipment. Allowed to disinfect seed and asexually propagated
planting material (i.e., bulb, corm, tuber) used for planting crops. Allowed for fireblight
control only with Experimental Use permit with documentation that alternatives
including biocontrols have been tried."

Periacetic Acid for Livestock

Discussion: The board discussed a possible additional allowance for veterinary use, but declined to
include that in the annotation, due to lack of established need or direct request from a petitioner.

VOTE: Periacetic Acid for Livestock

1. It was approved as a synthetic: 14-0-0
2. Approved with the following annotation: 13-0-1

"For facility and processing equipment sanitation (barns, milking parlors,
processing areas)."

Periacetic Acid for Processing

Discussion: There was discussion about approving materials with an annotation and the implication
that certain uses may be prohibited if not specified, which is not entirely correct. Becky Goldberg
recommended that prohibitions should be clearly communicated. The TAP review mentioned other
uses for peeling and bleaching, these were not recommended by the committee. Also the Board
discussed how to communicate changes in annotations that may arise with new petitions for a
material already approved. A question was raised as to how to provide information about considered
and rejected uses, to discourage people from re-petitioning for uses that have already been rejected.

VOTE: Periacetic Acid for Processing

http://www.ams.usda. gov/nop/nop2000/boardmeetings/NOSB_Final Min11-00.html 4/25/2002
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It was approved as a synthetic: 14-0-0

Vote to list without annotation: 0 —yes, 14- no

Approved with annotation of "Allowed for direct food contact only in wash and/or rinse
water. Allowed as a sanitizer on surfaces in contact with organic food." 14-0-0

W

Calcium-Borogluconate for Livestock

Discussion: The livestock committee recommended allowing and stressed that it is an emergency use
treatment that should be needed only on rare occasions. The TAP review suggested language about
preventive measures in the annotation, but this was deemed vague and also covered in the proposed
rule language that requires preventive practices before medications are used. Dietary adjustment can
be made over time to prevent milk fever. The TAP review mentioned use for grass tetany also, but
the board declined to allow for that use without more information or a specific request. A suggestion
to require a 48-hour withdrawal requirement, as is required by Codex rules for all medications was
not supported. Milk is typically not sold for at least 24 hours after parturition, and will contain mostly
colostrum for the first 48 hours.

VOTE: Calcium Borogluconate

1. Approved as a synthetic: 14/0/0
2. Vote to list without annotation: 0 — yes, 14- no
3. Approved with annotation of "For treatment of milk fever only." 14-0-0

Sodium Chlorate for Crops - Steve Pavich

Discussion: This material was petitioned for use as a cotton defoliant. Kyle Moppert pointed out that
currently most organic cotton is coming from dryland production areas due to reduced insect
pressure. Eventually more cotton will be grown in lowland areas or areas on the margin of

* adaptability and defoliants will be more of an issue in those regions. The board discussed the fact that
alternatives seem to be available, and that the existing organic cotton industry is managing without
this material.

VOTE: Sodium Chlorate for Crops

1. Vote to consider the material synthetic: 14 — yes, 0 — no
2. Prohibited Synthetic. 14-0-0

Leather Meal for Crops -Steve Pavich

Discussion: The crops committee recommended the material be considered synthetic and prohibited.
The synthetic determination was made based on the numerous additives introduced through the
leather making process. The Board agreed that there are many natural alternatives for fertilizer use
that are readily available, and asked what uses the material currently has. The petitioner indicated that
leather meal is currently applied to conventional tobacco, citrus, and orchard crops. Willie Lockeretz
noted that the record should be clear, that the NOSB rejected the material based on the facts that it is
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synthetic and it has no specific exemption in OFPA.

VOTE: Leather Meal for Crops

1. Vote to consider the material synthetic: 13 — yes; 0 — no. (1 absent)
2. Vote to add to National List: 0 — yes, 13 — no

Animal Enzymes for Processing -Steve Harper

There was discussion about which enzymes are currently in use by the industry. The TAP review was
presented as a group review of animal enzymes, using animal-derived rennet as the model, and
included additional information on six other enzymes. The processing committee considered
proposed annotations from the TAP review that restrict incidental additives and preservatives used in
enzyme preparations. They noted that powdered forms are preferable, though not always available.
Liquid formulations may have sodium benzoate added. The processing committee did not support a
requirement for GRAS status. The representative present from the enzyme association explained
GRAS as frequently self-imposed, not always FDA- approved with published regulation. FDA has
never taken action against enzymes used in the market that claim GRAS and are not regulated by the
FDA. It is difficult to determine whether a material is synthetic or natural, depending on the presence
of synthetic additives. A request for GRAS status for lysozyme was filed in 1973. The FDA
published a Federal Register notice in 1998 proposing to affirm it as GRAS. Given the change in
policy, the determination is not expected to be granted any time soon. Joan Gussow questioned
whether determination of freedom from BSE can readily be determined.

The board decided to list 6 specific animal enzymes as allowed, without annotation. They did not
include a listing for lysozyme, which does not have a final GRAS status from FDA. Discussion ended
with the fact that the NOSB is voting on the enzymes, not on the additives.

VOTE: Animal Enzymes

1. Vote to consider the material synthetic: 0 — yes; 12 — no. (2 absent)
2. Vote to list the following materials without annotations and without Lysosyme. 10-yes; 2
- no, 1- abstain ( 1 absent)

Rennet (animal derived); catalase--bovine liver; animal lipase;
pancreatin; pepsin; trypsin.

Recessed for the day.

FRIDAY, NOVEMBER 17, 2000

MEETING RESUMED 9:00 a.m. — Carolyn Brickey, Chairperson

Aquatic Task Force Working Group Reports: Mr. Robert Anderson, Task Force Chair
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Mr. Anderson presented an overview of the intention and structure of the Aquatic Task Force and
Working Group. The Task Force is made up of an Aquaculture Working Group and a Wild Aquatic
Species Working Group. The chair of each group gave a working report to the NOSB.

Aquaculture Working Group -Ms. Margaret Wittenberg, Chair

Ms. Wittenberg explained that the premise for the working group is to determine the feasibility of
establishing organic standards. Margaret addressed the issue of fish meal and fish oils as feedstocks
for fish as necessarily organically produced. This led to the question of fish as free-ranging and its
comparison to poultry on "free range" which is actually "free range" within a confined area. (See
attachment 10)

In summary, the majority position of the Working Group is that possibilities exist for organic
certification of some aquaculture systems.

Wild Aquatic Species Group -Mr. Miles McEvoy, Chair

Mr. McEvoy summarized the opinion positions of the members of the Working Group regarding the
certification of wild fish. (See attachment 11)

Summary points:

Wild organic is neither a "no-brainer" nor is it an impossibility. The working group supports labeling
to distinguish good stewardship of aquatic species, organic may not be the appropriate label.

Keith Jones made the statement, to provide guidance to the Board, in his own opinion, that there is
probably more knowledge about where wild fish go than there is about where cattle graze on
rangeland. He praised the progress Miles and Margaret have made in this effort and how they have
provided the Board with information they will need to move forward.

Carolyn Brickey and Bob Anderson explained that today’s goal was to lay out the parallels and
comparisons to help the Board approach this issue, not reach any conclusions.

COMMITTEE ACTION ITEMS - Carolyn Brickey, Chairperson

MOTION: Motion by Eric Sideman. The NOSB recommended that the annotation for
Ivermectin be amended to prohibit the slow release formulation known as the SR bolus. In
addition we request that information continue to be gathered in order to determine if other
formulations are a significant risk to decomposition of manure. Marvin Hollen seconded.

REVISED MOTION: The NOSB recommended that the annotation for Ivermectin be amended
to prohibit the slow release formulations such as the SR bolus.

The Board discussed whether the annotation would prohibit slow release formulations or to prohibit
other formulations. Keith suggests that more data be obtained before the Board makes this decision.
Mr. Sideman asked Mr. Jones if this recommendation could make it into the rule. Mr. Jones said that
it was not possible now. This raised the question about how changes will be made after the rule is
final. Keith responded that the Board will be acting on materials during implementation, so that when
the rule is fully implemented, the changes will be reflected. Keith says that any change to the final
rule has to go out for public comment, so it is better to raise these issues early in the process. He
wants to go through the correction process only once. Kim Burton asked when the National List will
be reprinted. Keith Jones wants to talk about this issue in March. The Board needs to act on
materials as quickly as possible to get it incorporated into the rule within 18 months.
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CHEESE PREFERENCES AND TRENDS

g IN THE UNITED STATES
Lace 196Ss Early 1980s

Variety of Cheese % of Al Cheese Y of Al Cheese
American chesse 455 5.2
Cotiage chesse 0.9 23.8
{:ziizn varienes 11.2 18.3
Swiss cne2se 4.5 7
J-eamn and Neutfcnitel 4.3 1.4
Viinster cheese 1.9 1.4
3rick 2.8 d.5
2iug chesse J.7 0.8
il other variedes - 0.9 1.2
Totai productionvear

3iilion sounds 2.3 3.7

3ulion xdograms 1.3 1.7

Souree of Dasic information: U.S. Depactment ot Agriculture
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The Ivermectin motion passed unanimously (12/0/0). (Mark King and Joan Gussow absent)

MOTION: Motion by Eric Sideman. The NOSB recommends that unless otherwise specified in
the annotation any substance on the National List of non-agricultural substances allowed as
ingredients in an organic processed food product also be allowed for use in organic animal feed,
provided it is regulated in 21 CFR for livestock feed or allowed by FDA with discretion to
AAFCO. Betsy Lydon seconded.

Discussion: A number of items on the processing list are used in ingredients for feed additives and
have been permitted by the board for human food use, such as citric acid, kelp, kaolin, ascorbic acid,
tocopherols, glycerin, lecithin, and potassium carbonate. Their status is not clear under the current
livestock regulations, which requires that all synthetics appear on the National list. This motion will
save the need to re-petition and re-consider these items individually.

REVISED MOTION: The NOSB recommends that unless otherwise specified in the
annotation, any substance on the National List of non-agricultural substances allowed as
ingredients in an organic processed food product also be allowed for use in organic animal feed,
provided it is approved by FDA in 21 CFR for livestock feed or allowed by FDA discretion as
stated by AAFCO. Passed unanimously (11/0/0).

MOTION: Motion by Eric Sideman. Mr. Sideman moved that the minutes from the June 6-7,
2000 be approved as amended. Kim Burton seconded. The motion passed unanimously.
(11/0/0). '

BREAK FOR LUNCH
Materials Committee Work Plan — Ms. Kim Burton, Chair

Kim Burton reviewed the Petition Review Process timeline based on recommendations of the Board
that would take 120-150 days from receipt of petition to approval. The Chair suggested that we work
backwards, from March approvals back to petition to OMRI. OMRI staff said OMRI needs three
months for TAP reviews. If petitions are received by December 1 by NOP they can go to OMRI by
December 15. TAP reviews will be open for public comments for 15 days prior to NOSB meetings.

Keith Jones reminded everybody that these contract funds need to be spent which would require the
review of 50 materials by October, the end of fiscal year. Keith Jones and Katherine DiMatteo met
about three weeks prior to the Board meeting, and he urged OTA to ask the industry to send him a list
of material petitions he should be expecting. He has received an indication that about 40 petitions
would be sent to NOP. Ms. Brickey asked about a date for OMRI to receive petitions for review in
June. Emily Brown Rosen responded with a deadline of February 1, 2001.

Ms. Burton asked about the flow of petitions and requests for comments. Keith wants comments sent
to NOP. Dates for petition process and public comment are noted on the chart handed out to the
Board.

Livestock Committee Work Plan — Mr. Eric Siedman, Chair

Issues identified by Livestock Committee to be addressed in the coming year included:

http://www.ams.usda.gov/nop/nop2000/boardmeetings/N OSB_Final_Min11-00.html 4/25/2002
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APPENDIX F

September 1, 1986

TABLE: PRODUCTION OF HARD AND SEMIHARD CHEESES IN CERTAIN COUNTRIES
AND ESTIMATES FOR CONSUMER CUTS AND GRATED CHEESE CONSUMED

BASED ON FINNISH PERCENTAGES

(Source for production figures: International Dairy
Federation, Interim Cheese Market Report, Bulletin No. 175,

1984)
Produced hard & semihard Cheese
'000 tons
i Scan 293
Irl 54
UK 224
NL 471
B-LUX 30
FRG 336
F 437
I 500 *
CAN 125 *+*
UsaA 1883

TOTAL 4353

* Based on approx. out of total cheese production 625000

tons/year
** Based on approx.
tons/year
Cost of use

Potassium nitrate (KNO3l

Price in Finland, July 1986
Dosage in Finland

Dosage

Roughly
Lysozyme,. price
Cost per kg cheese
Dosage

Roughly

out of total cheese production 200000

Nitrates to prevent late blowing

5,70 FIM/kg, VAT excluded

10-15 %/100 1 Edam cheese milk
15 g/100 1 = 1,62 kg nitrate/
1000 kg Edam cheese ‘

(10,8 1 milk/1 kg cheese)

1,62 x 5,70 = 9,23 FIM/1000 kg
Edam cheese, VAT excluded
0,081 FIM/kg cheese

750 FIM/kg

750,00 x 0,216 kg/1000 kg cheese
= 162,00 FIM/1000 kg cheese

20 ppm in milk = 216 ppm in
cheese

0,16 FIM/1000 kg cheese

After Hephner & Assoc. assumed reduction in price (100 %)

= cost of use Q2,008_FIM/1000_kg

cheese
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e Young animal care

Nutrient management

Living conditions and stocking rates

GMO incidentals including compost ingredients, manure from GMO livestock

Feed additives regarding 100% organic feed, needs to be clarified to determine 5% rule
Pasture-based living conditions for ruminant animals is still the firm position of the committee
but due to the controversial nature of the issue, what pasture-based means needs to be defined.

Emily Brown-Rosen noted the need to address the issue of allowing vitamins as feed additives for
livestock, depending on FDA approval by regulation or allowance with discretion for materials listed

by AAFCO.

Keith Jones noted that when the final rule comes out, this question may not be an issue, based on any
new issues that will be need to be addressed. Many questions and issues may be answered in the

Final Rule.

Carolyn Brickey wants to have the work plan for the year posted to the web for industry comment
and to provide material for the Board retreat.

Processing Committee Work Plan — Mr. Steve Harper, Incoming Chair

The processing committee is waiting for the final rule to determine which parts of the rule will be
compatible with processing practices. The committee is also going to be focusing on retailer
education and on transitional standards. Steve Harper is waiting for the final rule to formalize the

committee work plan.

Accreditation Committee Work Plan — Mr. Willie Lockeretz, Incoming Chair
Willie Lockeretz outlined the following issues for attention by the committee this year:

 Continued development on the Enforcement Task Force matrices.

¢ MOUs with States need to be developed for enforcement

o Peer Review participation with the Department.

¢ Development of an equitable fee structure especially for small operations.

e Certifier concerns about their role in the politics in accreditation and certification -- more about

how they feel rather than about how it will be done.
Tom Hutcheson announced that OCC is hosting an Accreditation Training program for certifiers in
February 2, 3, Friday and Saturday. Mark Bradley from the FSIS collaborated with OTA and IOIA in
developing the program.

During the final public comment Bob Shine spoke as a small certifier about the issue of the shakeout
of small certifiers when the program is implemented and the reaction to the unknown.

Crops Committee Work Plan — Mr. Owusu Bandele, Incoming Chair

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final_Min11-00.html 4/25/2002



FINNISH SUGAR CO. LTD. , APPENDIX E
Speciality Biochemicals

011i Moisio/rt _ September 1, 1986

TABLE: THE STABILITY OF LYSOZYME AGAINST MECHANICAL STRESS
(Wasserfall, 1977. Milchwissenschaft 32 (11)).

Prozentuale Aktivitat

Einwirkungsdauer B bei Behandlung mit
{(Minuten) Ultra-Turrax Ultraschalil
0 100 100
1 98,2 58.2
2 99.0 43.6
4 97.8 42,3
8 97.4 38,4

Treatment in 0 °C (Icewater)

Initial lysozyme conc.: approx. S00 E/ml in lysozyme buffer,
pH 6,2
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Steve Pavich stated the Crops Committee should discuss:

e Compost

e Manure

¢ GMO

Transitional Certification

WRAP-UP/NEXT MEETING PLANS — Ms. Carolyn Brickey, Chairperson
Ms. Brickey wants this work plan consolidated in a couple of weeks and up on the web.

Travel days for the next NOSB Meeting will be Sunday, March 4, 2001, with a NOSB Retreat on
Monday, March 5%, and the NOSB Meeting on Tuesday and Wednesday March 6 and 7. The first
day of Expo West is Thursday, March gth

Ms. Brickey would like to brief Board members on Conflict of Interest at the retreat.

The June NOSB meeting dates are June 5 — 7, 2001. Suggested locations for the next meeting
included La Cross or Madison, W1 or the Minnesota area.

The meeting was adjourned at 2:40 p.m.

CAROLYN BRICKEY, Chair KEITH JONES, Program Manager

National Organic Standards Board National Organic Program

http://www.ams.usda. gov/nop/nop2000/boardmeetings/NOSB_Final Min11-00.html 4/25/2002



FINNISH SUGAR CO. LTD. APPENDIX D
Speciality Biochemicals

0l11li Moisio/rt September 1, 1986

TABLE: THE DECREASE IN ACTIVITY OF LYSOZYME IN DIFFERENT

PH—LEYELS OF CULTURED MILK
(Wasserfall, 1977. Milchwissenschaft 32 (11))

X ' Einwirkungszeit

pH 1 Sid. 2 Sid. 6 Std. 24 Sud.

4,89 .0 0 0 0

5.7 0 0 0 0

6.5 0 0 0 0

7.7 0 0 0 27,0

8,4 0 0 5,6 31,8 ‘
38,3 0 7.0 13,3 46,8

10,4 15,9 19,1 22,9 45.2

1) Lysozyme from Roth Co. (Initial conc. 32,1 E/m1)

2) pH-value after filling with distilled water and
enzyme addition

3) Decrease of activity (%) lounted from the initial activity






FINNISH SUGAR CO.

LTD.

Speciality Biochemicals

011i Moisio/rt

Table 1. Gennemsnitat nogle bedommelser af Danbo fremstiliet af ma:lk med tilsaining af sporer af ClL tyrobutvricum.

APPENDIX C

September 1,

1986

l.-l:'cmgr scurmng from some gradwgs of Danbo-cheese manufactured from mulk with addition of spores from

C."onrtdxum l_\'robul)'n;mu -

LT LY,
- vy g wccts 16 week) /6 wecls
Tonainmg | 8 . Q
- £ ugh ug g P Lugs ox wnay. 4 -
Addatatman [re— Aonasiens S Bygng Aomarsens = .8
Frtons ond o Hevenr ons 2 S
Trren b ane bd Teaemer body ©asee T ! c
Tevture Eody =z 3 £ 3 é
< 5.5 sturnuliet [ 8.2 aismap 6.5 4,0 puset. 9.6 hont, kixy 8.2 afsmay [
: hrusipibet aff wste spremgt © short, sakty off wasie
N ’ yeastand i big yeant
unired yeast nales
nuic:
. - . ‘
1IC 1 KNO, 9.2 krevipibet 156 9.8 arsmag 9.6 9.4 krolpibet 11,0 e 1%,C
wrmted yeast aoff tasce united yeast
hales huics
e 9.8 kraspiber ns 1Ic.5 12 57 krulpioet | 11,0 11,6 12,7
waied veast umited yeast
noics holes |
.
2elhs Ic.e 10,6 9.8 afsmag 1.0 ica2 10,8 1t (8.6
oft Laste
Jlhes 16.C 9.5 klxp 9.0 ahmnag 9.8 £.9 krelpibet 103 16,5 ic.e
by off taste wnited yeast
boles

Table 2. Gennemsnit af nogle bedumamelser af Danbo fremstillee af aliindeliy ostemzxtk.
Average scoring from some gradings of Dunbo-checse manufacured from bulk

. . mulk. |
8 nger 16 uger
Yurrke 16 wroky
tog H [ - 3
Tilsxmasg Riemne Konsimens A 3. Re gn-ng Kunssarens 1 or e H .
Adduron Textme oty |Hormramd| 4 % Tecrmre bodv | tlrrarana]  $ 3
taste s e tane 3
e.3 i
T I X 3
10g KNO, | 8.0kmipiber 1.0 1ns 10,0 8.6 kenlpibee 2 o 9.x
wnited yeast unted yeast
holcs holes B
Lglys. 10,2 1.6 1.8 1.0 10.7 14,3 1.2 10,7
2givs. | 103 "2 1.8 10,9 | 10.4 s 1,6 1.0

STATEN FORS@GSMEJERI,

250. beretn

ing

HILLER@D 1982




Federal Register/Vol. 63, No. 49/Friday, March 13, 1998/Proposed Rules

12421

subject to the requirements of this AD. For
helicopters that have been madified, altered,
or repaired so that the performance of the
requirements of this AD is affected, the
owner/operator must use the authority
provided in paragraph (c) to request approval
from the FAA. This approval may address
either no action, if the current configuration
eliminates the unsafe condition, or different
actions necessary to address the unsafe
condition described in this AD. Such a
request should include an assessment of the
effect of the changed configuration on the
unsafe condition addressed by this AD. In no
case does the presence of any modification,
alteration, or repair remove any helicopter
from the applicability of this AD.

Compliance: Required as indicated, unless
accomplished previously.

To detect cracks that could lead to
delamination of the tail rotor blade Kevlar
tie-bar (Kevlar tie-bar), loss of tail rotor
control, and subsequent loss of control of the
helicopter, accomplish the following:

(a) Within 10 hours time-in-service (TIS)
after the effective date of this AD, and
thereafter at intervals not to exceed 250 hours
TIS, inspect each Kevlar tie-bar for a crack or
delamination in accordance with paragraph
B, Operational Procedure, of Eurocopter
France Service Bulletin 05.00.34, Revision 3,
dated November 14, 1996.

(b) If any delamination or cracking is found
during any of the inspections required by
paragraph (a) of this AD, remove the blade
and replace it with an airworthy blade before
further flight.

(c) An alternative method of compliance or
adjustment of the compliance time that
provides an acceptable level of safety may be
used if approved by the Manager, Rotorcraft
Standards Staff, Rotorcraft Directorate, FAA.
Operators shall submit their requests through
an FAA Principal Maintenance Inspector,
who may concur or comment and then send
it to the Manager, Rotorcraft Standards Staff.

Note 2: Information concerning the
existence of approved alternative methods of
compliance with this AD, if any, may be
obtained from the Rotorcraft Standards Staff.

(d) Special flight permits may be issued in
accordance with sections 21.197 and 21.199
of the Federal Aviation Regulations (14 CFR
21.197 and 21.199) to operate the helicopter
to a location where the requirements of this
AD can be accomplished.

Note 3: The subject of this AD is addressed
in Direction Generale De L’Aviation Civile
(France) AD 92-185-33(B)R4 dated
December 4, 1996.

Issued in Fort Worth, Texas, on February
28, 1998.

Eric Bries,

Acting Manager. Rotorcraft Directorate,
Aircraft Certification Service.

[FR Doc. 98-6496 Filed 3-12-98: 8:45 am]
BILLING CODE 4910-13-M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration

21 CFR Part 184
[Docket No. 89G-0393]
Direct Food Substances Affirmed as

Generally Recognized as Safe; Egg
White Lysozyme

AGENCY: Food and Drug Administration,
HHS.

ACTION: Tentative final rule.

SUMMARY: The Food and Drug
Administration (FDA) is issuing a
tentative final rule to amend its
regulations to affirm that egg white
lysozyme enzyme preparation, when
labeled by the common or usual name
“egg white lysozyme” to identify its
source, is generally recognized as safe
(GRAS) for use in preventing late
blowing of cheese caused by the
bacterium Clostridium tyrobutyricum
during cheese production. This action is
in response to a petition submitted by
Fordras S.A. (formerly SPA-Societa
Prodotti Antibiotici S.p.A.). FDA has
tentatively concluded that this use of
the egg white lysozyme enzyme
preparation is GRAS only when the
ingredient statement for both bulk and
packaged food that contains cheese
manufactured using egg white lysozyme
includes the common or usual name
“egg white lysozyme" to identify the
source of the protein. To give interested
persons an opportunity to comment on
this condition of use required for GRAS
status, FDA is issuing this tentative final
rule.

DATES: Submit written comments by
May 27. 1998.

ADDRESSES: Submit written comments
to the Dockets Management Branch
(HFA-305), Food and Drug
Administration, 12420 Parklawn Dr.,
rm. 1-23, Rockville, MD 20857.

FOR FURTHER INFORMATION CONTACT:
Linda S. Kahl, Center for Food Safety
and Applied Nutrition (HFS-206), Food
and Drug Administration, 200 C St. SW.,
Washington, DC 20204, 202-418-3101.

SUPPLEMENTARY INFORMATION:
I. Background

In accordance with the procedures
described in § 170.35 (21 CFR 170.35),
SPA-Societa Prodotti Antibiotici S.p.A.,
now Fordras S.A., Milan, ltaly,
submitted a petition (GRASP 9G0355)
requesting that egg white lysozyme used
to inhibit the bacterium C.
tyrobutyricum to prevent late blowing of
cheese during production be affirmed as

GRAS as a direct human food
ingredient. FDA published the notice of
filing for this petition in the Federal
Register of October 27, 1989 (54 FR
43861). and gave interested persons
until December 26, 1989, to submit
written comments.

II. Standards for GRAS Affirmation

Under §170.30 (21 CFR 170.30),
general recognition of safety may be
based only on the views of experts
qualified by scientific training and
experience to evaluate the safety of
substances directly or indirectly added
to food. The basis of such views may be
either: (1) Scientific procedures, or (2)
in the case of a substance used in food
prior to January 1, 1958, through
experience based on common use in
food. General recognition of safety based
upon scientific procedures requires the
same quantity and quality of scientific
evidence as is required to obtain
approval of a food additive regulation
and ordinarily is based upon published
studies, which may be corroborated by
unpublished studies and other data and
information (§ 170.30(b)). General
recognition of safety through experience
based on common use in food prior to
January 1, 1958, may be determined
without the quantity or quality of
scientific procedures required for
approval of a food additive regulation,
but ordinarily is based upon generally
available data and information
concerning the pre-1958 history of use
of the substance.

FDA has evaluated Fordras S.A.’s
petition on the basis of scientific
procedures to whether the petitioned
use of egg white lysozyme enzyme
preparation to prevent the late blowing
of cheese caused by the bacterium C.
tyrobutyricum during cheese production
is GRAS. In evaluating the petition, FDA
considered published and unpublished
data and information relating to the
identity of, characteristic properties of,
and estimated dietary exposure to the
enzyme component (i.e., lysozyme) of
the petitioned enzyme preparation
(Refs. 1 through 7). FDA also considered
that the source of the petitioned enzyme
preparation, egg white, has been safely
consumed by humans as a source of
food protein throughout recorded
history, and, therefore, is GRAS
(§170.30(d)), and that the methods used
for extracting lysozyme from the egg
white source do not ordinarily alter the
chemical identity and characteristic
properties of enzymes (Ref. 8). FDA also
considered published scientific review
articles (Refs. 1 and 2) and a generally
available trade association bulletin (Ref.
7) discussing the use of egg white
lysozyme enzyme preparation for its
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TABLE: HARD AND SEMIHARD CHEESE VARIETIES, WHERE LYSOZYME COULD BE
USED TO PREVENT LATE BLOWING (Note: restrictions by

legislation in each country in question!)

Cheese variéty Valio brand name

HARD--CHEESE (moisture 34 %)

Appenzeller
Asiago (old)
Parmesan (Grana)
Romano

Sapsago

Spalen
Caciocavallo
Emmental/Swiss Emmental
Cryere Cryere
Ricotta (o0ld)

Parmesan

SEMIHARD (moisture 34-55 %)

Edam/Salaneuvos Gouda
Mozzarella
Luostari

Edam/Gouda
Mozzarella
Port Salut *
Provolone
Tilsit Kesti/Kreivi
Trappist *

Svecia

Herrgdrds ost

Danbo Edam

Country of origin

NL

I

F

I

FRG
CH/HUN
S

S

DK
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technical effect of preventing late
blowing of cheese contaminated with C.
tyrobutyricumn as well as generally
available information documenting that
this intended use of the petitioned
enzyme preparation has been approved
in several European countries (Refs. 9
through 13). Finally, FDA considered
generally available and accepted
information relating to processing aids
used in the manufacture of the enzyme
preparation and generally available and
accepted specifications for food-grade
enzyme preparations (Ref. 14).

I0. Safety Evaluation

When present as a contaminant in
milk used for cheesemaking, the
pasteurization-resistant bacterium C.
tyrobutyricurmn ferments lactate to
produce carbon dioxide, hydrogen, and
volatile organic acids. This fermentation
causes a defect in cheese manufacture
known as “late blowing,”” which is
typified by abnormal levels of open -
texture accompanied by undesirable -
odors and flavors. Late blowing can be
a serious economic problem in the
manufacture of several varieties of
cheese (Refs. 1, 2, and 7).

The contamination by C.
tyrobutyricum of milk used for
cheesemaking, although reducible by
good husbandry and hygienic milking
practices, is unavoidable. Although
treatment with certain chemical agents
has been shown to be effective against
the problems raised by this
contamination, treatment with lysozyme
enzyme preparation has been found to
be the most effective method of
managing the late blowing of cheese
contaminated with C. tyrobutyricum
(Refs. 1 and 2).

A. The Enzyme Component

Enzymes are proteins or conjugated
proteins (i.e., a protein that contains a
nonamino acid moiety such as a
carbohydrate) produced by plants,
animals, and microorganisms that
function as biochemical catalysts
(American Heritage Dictionary of the
English Language). Most enzymes are
very specific in their ability to catalyze
only certain chemical reactions; this
high degree of specificity and strong
catalytic activity are the most important
functional properties of enzymes (Ref.
15).

The Commission on Enzymes of the
International Union of Biochemistry has
devised a systematic strategy for naming
enzymes. This system combines a
naming system and a numbering system.
For most enzymes, the systematic name
is derived from the names of the
substrate, product, and type of reaction.
The systematic number is based on the

class and subclasses to which the
enzyme belongs. The systematic name
of lysozyme is peptidoglycan N-
acetylmuramoylhydrolase. Its
systematic number is EC No. 3.2.1.17
and its Chemical Abstracts Service
Registry Number (CAS Reg. No.) is
9001-63-2.

Lysozyme was first discovered by A.
Fleming, who identified lysozyme as an
antibacterial enzyme present in nasal
mucus membrane (Ref. 3).
Subsequently, it was learned that the
antibacterial activity of lysozyme occurs
because of its ability to catalyze the
hydrolysis of the structural
polysaccharide peptidoglycan present in
cell walls of certain bacteria (Ref. 2).
Lysozyme activity has been shown to be
present in bacteria, fungi, plants, and
almost all animal tissues, with the
highest levels found in secretions
(including milk, mucus, saliva, and
tears) and eggs. Lysozyme is believed to
function in all of these organisms and
tissues as an endogenous antimicrobial
substance (Refs. 1 and 2).

Lysozyme was the first enzyme to
have the details of its three-dimensional
structure published (Ref. 4), and it has
become one of the best characterized of
all enzymes, serving as an example for
studies of enzyme mechanism and
molecular evolution (Refs. 5 and 6 ).
Lysozymes from various organisms are
very similar to one another. Egg white
lysozyme differs very little in structure,
amino acid sequence and composition,
catalytic mechanism, and substrate
specificity from the enzyme found in
human milk, saliva, mucus, and tears
(Refs. 3 and 6).

The petitioner provided two
published scientific review articles
(Refs. 1 and 2) that discuss the use of
egg white lysozyme in cheese and other
food. The petitioner also provided a
generally available trade association
bulletin (Ref. 7) that focuses on the use
of egg white lysozyme for its technical
effect of preventing late blowing in
cheese. This bulletin describes the late
blowing defect and how it arises,
traditional chemical control measures
(other than the use of lysozyme) to
reduce the problem, and the increasing
interest in using lysozyme as a
replacement for traditional chemical
control measures. In addition, the
petitioner provided generally available
information documenting that this
intended use of the petitioned enzyme
preparation has been approved in
several countries, including Denmark,
France, Germany, Italy, and Spain (Refs.
9 through 13).

FDA considered the estimated dietary
exposure to lysozyme for the proposed
use in cheese (Refs. 16 and 17).

Lysozyme accounts for approximately
3.5 percent of the total protein of
domestic hen egg whites (Ref. 7). Whole
eggs contain lysozyme at a level of
approximately 3.300 parts per million
(ppm). The petitioner reported that
cheese manufactured using egg white
lysozyme enzyme preparation contains
a maximum of 400 ppm of lysozyme, or
at least 8 times less than eggs on a
weight basis. FDA has estimated a long-
term mean intake of lysozyme to be 74
milligrams per person per day (mg/p/d)
for consumers of eggs and 3.8 mg/p/d
for consumers of cheese; the respective
90th percentile intakes are estimated to
be 163 mg/p/day and 8.1 mg/p/day. Egg
whites from which lysozyme is
extracted will be subsequently
consumed in other food uses. Thus,
there will be no long-term net increase
in lysozyme intake by the general
population because egg whites without
lysozyme will replace egg whites in
current use that contain lysozyme (Ref.
16). On a per eating occasion basis,
lysozyme intake for cheese consumers
may be 16 mg on average, or 22 mg at
the 90th percentile level. For
comparison, a per eating occasion
lysozyme intake for egg consumers may
be 264 mg on average, or 416 mg at the
90th percentile level. Thus, lysozyme
intake per eating occasion due to cheese
consumption may constitute 5 to 6
percent of lysozyme intake due to egg
consumption (Ref. 17).

In general, issues relevant to a safety
evaluation of proteins such as the
enzyme component of an enzyme
preparation are potential toxicity and
allergenicity (Ref. 18). Proteins derived
from egg whites do not raise toxicity
concerns because egg whites have been
safely consumed by humans as a source
of food throughout recorded history
without any reports of toxicity.
However, proteins derived from egg
whites do raise allergenicity concerns
because, as with many commeon foods,
there have been reports that
consumption of egg whites can cause an
allergic reaction in certain individuals,
particularly children (Ref. 19).
Therefore, FDA considered the question
of whether the lysozyme component of
egg whites is allergenic.

[n evaluating this question, FDA
considered a report of an in vitro study
of the binding of antibodies to specific
egg proteins, where the antibodies were
derived from the serum of patients
known to be allergic to eggs (Ref. 20).
This report suggests that lysozyme was
an allergen for some individuals who
became sensitive to egg whites.
Although this study does not establish
that ingestion of egg white lysozyme in
cheese will actually cause a clinically
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TABLE: LYSOZYME EXPERIMENTALS/CHEESE VARIETIES IN CERTAIN EUROPEAN

COUNTRIES

Country Cheese used in trials Lysozyme dosage
‘ U/ml cheese milk
Finland Edam, Emmental 200-500
Sweden Edam.. ?
Norway Jarlsberg (= Emmental)
Denmark Danbo (= Edam) 500
France Emmental
West-Germany Edam, Tilsit, Gouda 500
Italy * Granapadano, Provolone,
Asiago, Montasio

Hungary Emmental, Trappist

At the moment lysozyme is permitted legislétively for cheese in
West-Germany (hard and semihard), Belgium, Netherlands, France,
Italy and Denmark.

* Granapadano = Grana = Parmesan
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significant allergic reaction in such
sensitive individuals, FDA is not aware
of any data or information that would
refute the study's inference that egg
white lysozyme may be allergenic.
Accordingly, FDA is proposing labeling,
as discussed below, to alert the sensitive
population to the presence of egg white
lysozyme in cheese.

A related question is whether egg
white lysozyme, when present in
cheese, is capable of inducing an
allergenic response in susceptible
individuals who have not previously
consumed egg whites, e.g., because their
customary diet excludes eggs. This
question is no different than for any
other food containing egg white when
consumed by individuals with
unknown susceptibility to eggs. The
proposed label declaration would
provide such individuals with the same
protection as that provided by other egg-
containing products with ingredient
labeling. Thus, individuals who
experience an allergic reaction to
lysozyme-containing cheese could
identify egg white lysozyme as a
possible cause of the reaction.

B. Enzyme Source, Manufacturing
Methods, and Processing Aids

Commercial preparations of lysozyme
are derived from domestic hen egg
whites using ion exchange methods and
selective precipitation to isolate a highly
purified protein fraction that contains
mainly lysozyme but also may contain
small amounts of other egg white
proteins. Consistent with the agency's
finding in its GRAS affirmation of
microparticulated protein product (55
FR 6384, February 23, 1990), FDA finds
that egg whites have been safely
consumed by humans throughout
recorded history and, therefore, are
GRAS (§170.30(d)). The agency
evaluated the methods used to isolate
the enzyme lysozyme from egg whites.
These methods are based on generally
available and accepted principles of
protein purification (Ref. 8). Such
methods, if appropriately selected, do
not ordinarily alter the chemical
identity and characteristic properties of
enzymes. Therefore, these methods do
not materially change the quality,
utility, functionality, or safety of
enzymes. Moreover, the retention of the
antibacterial activity that is
characteristic of egg white lysozyme
when egg white-derived lysozyme
enzyme preparation is used in cheese
evidences that lysozyme in the
manufactured enzyme preparation
remains unaltered from the lysozyme in
egg whites. This is corroborative
evidence of the fact that the methods
used to isolate lysozyme from egg

whites do not materially change the
quality, utility, functionality or safety of
the enzyme lysozyme.

Enzyme preparations used in food
processing are usually not chemically
pure but contain, in addition to the
enzyme component, materials that
derive from the enzyme source. As
mentioned above, egg white lysozyme
enzyme preparation may contain small
amounts of other egg white proteins. A
related question is whether such
proteins that may be present in the
enzyme preparation are allergenic. Even
if present, other source-derived proteins
would not be a concern because the
proposed label declaration for egg white
lysozyme would alert individuals who
are sensitive to egg whites to the
possible presence of other proteins
derived from egg whites.

In addition to source-derived
materials, enzyme preparations used in
food processing usually contain
materials that derive from the
manufacturing methods used to generate
the finished enzyme preparation. The
egg white lysozyme enzyme preparation
that is the subject of this document
complies with the general requirements
and additional requirements for enzyme
preparations in the Food Chemicals
Codex, 4th ed. (Ref. 14). The egg white
lysozyme enzyme preparation that is the
subject of this document may contain
substances that are added to the enzyme
preparation, such as preservatives,
stabilizers or diluents, and trace
amounts of processing aids that are used
in its preparation. These substances
must be acceptable for general use in
foods (Refs. 14 and 15).

C. Labeling as a Condition of Use

Egg whites are known to be an
allergenic food source, particularly in
children (Ref. 19). There is a literature
report (Ref. 20) indicating that lysozyme
may in fact have been an allergen for
some individuals who became sensitive
to egg whites. Although the reported in
vitro study does not establish that
ingestion of egg white lysozyme in
cheese will actually cause a clinically
significant allergic reaction in such
sensitive individuals, FDA is not aware
of any data or information that would
refute the study’s inference that egg
white lysozyme may be allergenic.
Therefore, FDA concludes that there is
insufficient information in the current
record to determine whether the
ingestion of egg white lysozyme elicits
an allergenic response when consumed
by individuals who are sensitive to egg
whites. Accordingly, as discussed
below, FDA is proposing labeling to
alert such individuals to the presence of
egg white lysozyme in cheese. Such

labeling also would alert the sensitive
population to the possible presence of
source-derived proteins other than
lysozyme in the enzyme preparation.
Under section 409(c)(1) of the Federal
Food, Drug, and Cosmetic Act (the act)
(21 U.S.C. 348(c)(1)). FDA is authorized,
in approving the use of a food additive,
to list the conditions under which the
additive may be safely used. These
conditions may include any labeling
requirements that the agency deems
necessary to ensure the safe use of the
additive. Similarly, under § 184.1(b)(3)
(21 CFR 184.1(b)(3)). in affirming a
substance as GRAS, FDA is authorized
to set forth the particular conditions of
use, including labeling, under which
there is general recognition among
qualified experts that the use of the
substance is safe. After careful review of
the evidence on the use of egg white
lysozyme enzyme preparation in
preventing late blowing in cheese, FDA
has tentatively concluded that such use
is GRAS only when the conditions of its
use include a declaration on the label or
labeling of the presence of egg white
lysozyme in both bulk and packaged
food containing such treated cheese.
Therefore, this tentative final rule
(§184.1550(c)(1)) establishes that the =«
declaration of egg white lysozyme
enzyme preparation by the common or
usual name “egg white lysozyme™ is a
condition of use required for GRAS
status, so that consumers who are
allergic to egg white products can be
alerted to the presence of the egg white-
derived enzyme in treated cheese.

D. Summary and Conclusions

The petitioner provided published
data and information relating to the
identity of, characteristic properties of,
and estimated dietary exposure to the
enzyme component (Refs. 1 through 7).
The source of the petitioned enzyme
preparation, egg white, has been safely
consumed by humans as a source of
food protein throughout recorded
history, and, therefore, is GRAS
(§170.30(d)). The petitioner provided
generally available information showing
that the methods used for extracting
lysozyme from the egg white source do
not ordinarily alter the chemical
identity and characteristic properties of
enzymes (Ref. 8). Moreover, there is
corroborating evidence that the
extraction of egg white lysozyme does
not change its chemical identity or
characteristics because the antibacterial
activity of egg white lysozyme is
retained. FDA concludes that the
methods used to manufacture egg white
lysozyme enzyme preparation do not
change the safety for food use of the
enzyme lysozyme and that toxicological
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studies are not necessary to establish the
safety of lysozyme or other source-
derived proteins that may remain in the
manufactured enzyme preparation. FDA
also concludes that there will be no net
increase in dietary exposure of the
general population to the commonly
consumed enzyme lysozyme due to the
proposed use in cheese because
lysozyme will simply be transferred
from eggs to cheese (Ref. 16).

The petitioner also provided generally
available and accepted information
relating to processing aids used in the
manufacture of the enzyme preparation
and generally available and accepted
specifications for food grade enzyme
preparations (Ref. 14). FDA concludes
that substances added to the egg white
lysozyme enzyme preparation or
potential residues of processing aids
used in the manufacturing process do
not present a basis for concern about the
safety of the egg white lysozyme enzyme
preparation.

The petitioner provided published
scientific review articles (Refs. 1 and 2)
and a generally available trade bulletin
(Ref. 7) that discuss the use of the egg
white lysozyme enzyme preparation in
cheese and other food, including its use
for the intended effect of preventing late
blowing of cheese contaminated with C.
tyrobutyricum. The petitioner also
provided generally available
information documenting that this
intended use of lysozyme has been
approved in several European countries
(Refs. 9 through 13). FDA concludes that
generally available and accepted data
and information establish that lysozyme
will achieve the intended technical
effect of preventing late blowing in
cheese contaminated with C.
tyrobutyricum.

Finally, information in the petition
and otherwise available to FDA raises
the question of whether the lysozyme
component of egg whites is allergenic.
FDA is proposing labeling to alert
individuals who may be sensitive to egg
whites to the presence of egg white
lysozyme in cheese, including the
possible presence of other source-
derived proteins that may be present in
the enzyme preparation.

IV. Comments

FDA received two comments in
response to the filing notice. One
comment expressed agreement that
lysozyme is GRAS for use in preventing
late blowing in cheese and supported
the affirmation of GRAS status by the
agency.

One comment stated that use of
lysozyme as a food preservative may
lead to selection of lysozyme-resistant
strains of the bacterial food poisoning

agents Listeria monocytogenes and C.
botulinum, rendering one of the body’s
main defense mechanisms useless
against resistant strains. The comment
likened the potential selection of
lysozyme-resistant strains of bacteria to
the selection of penicillin-resistant
bacteria as a result of its widespread
use. The comment pointed out that the
body could not readily substitute the
lysozyme naturally present in secretions
such as tears and saliva for another
antimicrobial.

The mechanism of action of lysozyme
involves hydrolysis of the structural
peptidoglycan present in cell walls of
susceptible bacteria. Therefore,
development of resistance to lysozyme
would require that a bacterium develop
a variant of peptidoglycan that is
resistant to the action of lysozyme.
Development of such a variant
peptidoglycan is, in principle, possible.
However, as already discussed,
lysozyme activity has been shown to be
present in bacteria, fungi, plants, and
almost all animal tissues. If such
relative ubiquity has not resulted in the
clinically significant selection of
lysozyme-resistant bacteria to date, the
use of lysozyme in those cheeses that
are susceptible to late blowing is
unlikely to favor selection of lysozyme-
resistant bacteria and adversely affect
the public health. Moreover, FDA is not
considering lysozyme for use as a
widespread food preservative. Rather,
FDA is considering the narrow question
of whether the use of lysozyme in
preventing late blowing in cheese is
generally recognized as safe. FDA
disagrees that this limited use in cheese
is analogous to the widespread use of
antibiotics such as penicillin and the
subsequent selection of antibiotic-
resistant bacterial strains. Therefore,
FDA concludes that the use of lysozyme
in preventing late blowing in cheese
does not raise concerns about the
selection of lysozyme-resistant strains of
L. monocytogenes or C. botulinum.

V. Specifications

The agency finds that, because the
potential impurities in the egg white
lysozyme preparation that may originate
from the source or manufacturing
process do not raise any basis for
concern about the safe use of the
preparation. the general requirements
and additional requirements for enzyme
preparations in the monograph on
Enzyme Preparations in the Food
Chemicals Codex, 4th ed. (1996). which
are being incorporated by reference in
accordance with 5 U.S.C. 552(a) and 1
CFR part 51, are adequate as minimum
criteria for food-grade egg white
lysozyme enzyme preparation.

Lysozyme assay can be performed using
a method entitied **Lysozyme
hydrochloride, Microbiological
Determination,” which is included in
the petition (Ref. 21) or by using any
appropriate validated method.

VI. Conclusions

The agency has evaluated all available
information and finds, based upon the
published information about the
manufacturing methods used in the
preparation of egg white lysozyme
enzyme preparation, and published data
and information about the identity and
characteristic properties of egg white
lysozyme, that the éenzyme component
of egg white lysozyme enzyme
preparation is unaltered from the
lysozyme found in the commonly
consumed food, eggs. The agency also
finds, based upon generally available
and accepted information, that when the
preparation is manufactured in
accordance with § 184.1550(c), the
source, egg whites, and the
manufacturing process will not
introduce impurities into the
preparation that may render its use
unsafe. Further, the agency finds, based
upon published information, that egg
white lysozyme enzyme preparation
will achieve its intended technical effect
of preventing late blowing in cheese
contaminated with C. tyrobutyricum.
Therefore, the agency tentatively
concludes, based upon the evaluation of
published data and information,
corroborated by unpublished data and
information, that the egg white
lysozyme enzyme preparation described
in the regulation set out below is GRAS
for use by the general population in
preventing late blowing in cheese.

To give interested persons an
opportunity to comment on the
proposed label declaration that is a
condition of use required for GRAS
status, FDA is issuing this tentative final
rule under 21 CFR 10.40(f)(6). FDA will
review any comments that are relevant
to this condition of use and that are
received within the 75 day comment
period and will respond accordingly to
these comments in the Federal Register.

VII. Environmental Considerations

The agency has carefully considered
the potential environmental effects of
this action. FDA has concluded that the
action will not have a significant impact
on the human environment, and that an
environmental impact statement is not
required. The agency’s finding of no
significant impact and the evidence
supporting that finding, contained in an
environmental assessment, may be seen
in the Dockets Management Branch
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(address above) between 9 a.m. and 4
p-m., Monday through Friday.

VIIL Analysis of Economic Impacts

A. Benefit-Cost Analysis

FDA has examined the impacts of this
tentative final rule under Executive
Order 12866. Executive Order 12866
directs Federal agencies to assess the
costs and benefits of available regulatory
alternatives, and, when regulation is
necessary, to select regulatory
approaches that maximize net benefits
(including potential economic,
environmental, public health and safety
effects; distributive impacts; and
equity). According to Executive Order
12866, a regulatory action is
“significant” if it meets any one of a
number of specified conditions,
including having an annual effect on the
economy of $100 million, adversely
affecting in a material way a sector of
the economy, competition, or jobs, or if
it raises novel legal or policy issues.
FDA finds that this tentative final rule
is not a significant regulatory action, as
defined by Executive Order 12866. In
addition, it has been determined that
this final rule is not a major rule for the
purpose of congressional review.

The primary benefit of this action is
to remove uncertainty about the
regulatory status of the petitioned
substance. FDA is tentatively affirming
the GRAS status of egg white lysozyme
in cheese only when the ingredient
statement of the bulk and packaged food
that contains the cheese includes the
common or usual name of the
substance, i.e., “'egg white lysozyme."”
The labeling requirement will add a
small cost to the future use of the
petitioned substance, and therefore, is
not a significant action under the
Executive Order 12866.

FDA has examined the impacts of this
tentative final rule under the Unfunded
Mandates Reform Act of 1995 (UMRA)
(Pub. L. 104-4). A written statement
under section 202(a) of the UMRA is not
required for this rule because the rule
does not impose a mandate that results
in an expenditure of $100 million or
more by State, local, and tribal
governments in the aggregate, or by the
private sector, in any 1 year.

B. Regulatory Flexibility Act

FDA has evaluated this tentative final
rule under the Regulatory Flexibility
Act. The Regulatory Flexibility Act (5
U.S.C. 601-612) requires Federal
agencies to consider alternatives that
would minimize the economic impact of
their regulations on small entities.

FDA believes that this tentative final
rule is not likely to have a significant

economic impact on a substantial
number of small entities. However, the
agency seeks comment on this tentative
conclusion. First, FDA is tentatively
affirming the GRAS status of egg white
lysozyme in cheese only when the
ingredient statement of the bulk and
packaged food that contains the cheese
includes the common or usual name of
the substance, i.e., "egg white
lysozyme.” This labeling requirement
will impose only minimal costs to the
future use of the petitioned substance.
Second, FDA has information that the
petitioner does not currently sell egg
white lysozyme in the United States
(Refs. 22 and 23). Moreover, FDA is not
aware of any manufacture or use of
cheese containing egg white lysozyme
in the United States. If no small entities
are currently manufacturing or using
cheese containing egg white lysozyme,
the proposed labeling requirements
would not impose any cost to small
entities. However, because FDA does
not have any information on whether
other entities in the United States are
manufacturing or using cheese
containing egg white lysozyme, FDA is
unable to conclude, in this tentative
final rule, that there will be no
significant economic impact on a
substantial number of small entities.
Therefore, the agency seeks comment on
the manufacture or use, by any small
entity, of cheese containing egg white
lysozyme. In its final rule, the agency
will, based on any relevant comments
received, determine whether there is a
significant economic impact on a
substantial number of small entities.
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List of Subjects in 21 CFR Part 184

Food ingredients, Incorporation by
reference.

Therefore, under the Federal Food,
Drug, and Cosmetic Act and under



FINNISH SUGAR CO.

LTD. REPORT

Speciality Biochemicals

0l1li Moisio/rt

September 1, 1986 8

legislative restriction to use nitrates are obviocus
preconditions to the growth of lysozyme market in
dairy application.

Experiments to find out the dosages of lysozyme
needed in different seasons should be carried out
in the first place. Valio has stated (Mr. M. Kirki)
that they test lysozyme both during the grazing
and silage feeding seasons (June-September &
November-February), when the count of spores in
milk is quite different from each other. The only
suggestion for seasonal dosage levels introduced
is that of by N. Koch (Boehringer) in the seminar,
Lysozyme in cheese manufacture, in Kiel January
1986 (appendix G).

Another application within cheese industry, hinted
by C-J Sandstrdm, to inhibit Listeriosis by
Listeria monocytogenes would require testing
lysozyme's lytic action both on Listeria
monocytogenes and on the cheese cultures in
question (Brie, Camembert cheese - Penicillium
camemberti). !
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authority delegated to the Commissioner
of Food and Drugs and redelegated to
the Director, Center for Food Safety and
Applied Nutrition, it is proposed that 21
CFR part 184 be amended as follows:

PART 184—DIRECT FOOD
SUBSTANCES AFFIRMED AS
GENERALLY RECOGNIZED AS SAFE

1. The authority citation for 21 CFR
part 184 continues to read as follows:

Authority: 21 U.S.C. 321, 342, 348, 371.

2. Section 184.1550 is added to
subpart B to read as follows:

§184.1550 Egg white lysozyme.

(a) Egg white lysozyme (CAS Reg. No.
9001-63-2) is the enzyme
peptidoglycan N-
acetylmuramoylhydrolase (EC No.
3.2.1.17) obtained by extraction from
egg whites. The enzyme catalyzes the
hydrolysis of peptidoglycan in the cell
walls of certain bacteria including
Clostridium tyrobutyricum.

(b) The ingredient meets the general
requirements and additional
requirements for enzyme preparations
in the monograph on Enzyme
Preparations in the Food Chemicals
Codex, 4th ed. (1996), which is
incorporated by reference in accordance
with 5 U.S.C. 552(a) and 1 CFR part 51.
Copies are available from the National
Academy Press, 2101 Constitution Ave.
NW., Washington, DC 20418, and may
be examined at the Center for Food
Safety and Applied Nutrition's Library,
200 C St. SW., rm. 3321, Washington
DC, or at the Office of the Federal
Register, 800 North Capitol St. NW.,
suite 700, Washington, DC.

(c) (1) The ingredient is used in
cheeses, as defined in § 170.3(n)(5) of
this chapter, in accordance with
§184.1(b)(3) at levels not to exceed
current good manufacturing practice.

(2) The affirmation of the use of this
ingredient as generally recognized as
safe (GRAS) as a direct human food
ingredient is based upon the following
conditions of use:

(i) The ingredient is used as an
enzyme as defined in § 170.3(0)(9) of
this chapter.

(ii) Current good manufacturing
practice utilizes a level of the ingredient
sufficient to prevent the late blowing of
cheeses caused by the bacterium
Clostridium tyrobutyricum during
cheese production.

(iii) The ingredient statement for both
bulk and packaged food that contains
cheese manufactured using egg white
lysozyme shall include the common or
usual name “‘egg white lysozyme’' to
identify the source of the protein.

Dated: March 3, 1998.
L. Robert Lake,

Director, Office of Policy, Planning and
Strategic Initiatives, Center for Food Safety
and Applied Nutrition.

[FR Doc. 98-6571 Filed 3-12-98; 8:45 am]
BILLING CODE 4160-01-F

FEDERAL COMMUNICATIONS
COMMISSION

47 CFRPart 73
[MM Docket No. 98-29, RM-9190]

Radio Broadcasting Services; Indian
Wells, CA

AGENCY: Federal Communications
Commission.
ACTION: Proposed rule.

SUMMARY: This document requests
comments on a petition for rule making
filed on behalf of Professional
Broadcasting, Inc. requesting the
allotment of FM Channel 238A to Indian
Wells, California, as that community’s
first local aural transmission service.
Coordinates used for this proposal are
33-42-04 and 116-14-47. Indian Wells,
California, is located within 320
kilometers (199 miles) of the Mexico
border, and therefore, the Commission
must obtain concurrence of the Mexican
government to this proposal.

DATES: Comments must be filed on or
before April 27, 1998, and reply
comments on or before May 12, 1998.

ADDRESSES: Secretary, Federal
Communications Commission,
Washington, DC 20554.

In addition to filing comments with
the FCC, interested parties should serve
the petitioner’s counsel, as follows: john
R. Feore, Jr., M. Anne Swanson and
Kevin P. Latek, Esgs., Dow, Lohnes and
Albertson, 1200 New Hampshire
Avenue, NW., Washington, DC 20036—
6802.

FOR FURTHER INFORMATION CONTACT:
Nancy Joyner, Mass Media Bureau, (202)
418-2180.

SUPPLEMENTARY INFORMATION: This is a
synopsis of the Commission’s Notice of
Proposed Rule Making, MM Docket No.
98-29, adopted February 25, 1998, and
released March 6, 1998. The full text of
this Commission decision is available
for inspection and copying during
normal business hours in the FCC's
Reference Center (Room 239), 1919 M
Street, NW., Washington, DC. The
complete text of this decision may also
be purchased from the Commission's
copy contractor, International
Transcription Service, Inc., 1231 20th

Street, NW., Washington, DC 20036,
(202) 857-3800.

Provisions of the Regulatory
Flexibility Act of 1980 do not apply to
this proceeding.

Members of the public should note
that from the time a Notice of Proposed
Rule Making is issued until the matter
is no longer subject to Commission
consideration or court review, all ex
parte contacts are prohibited in
Commission proceedings, such as this
one, which involve channel allotments.
See 47 CFR 1.1204(b) for rules
governing permissible ex parte contacts.

For information regarding proper
filing procedures for comments, See 47
CFR 1.415 and 1.420.

List of Subjects in 47 CFR Part 73
Radio broadcasting.
Federal Communications Commission.

John A. Karousos,

Chief, Allocations Branch, Policy and Rules
Division, Mass Media Bureau.

[FR Doc. 98-6514 Filed 3-12-98; 8:45 am]
BILLING CODE 6712-01-P

FEDERAL COMMUNICATIONS
COMMISSION

47 CFR Part 73

[MM Docket No. 98-28; RM-9234]
Radio Broadcasting Services;
Meyersdale, PA

AGENCY: Federal Communications
Commission.
ACTION: Proposed rule.

SUMMARY: The Commission requests
comments on a petition filed by Douglas
M. Dasdorf proposing the allotment of
Channel 253A at Meyersdale,
Pennsylvania, as the community’s
second local FM transmission service.
Channel 253A can be allotted to
Meyersdale in compliance with the
Commission’s minimum distance
separation requirements at city
reference coordinates. The coordinates
for Channel 253A at Meyersdale are
North Latitude 39-48-42 and West
Longitude 79-01-36. Since Meyersdale
is located within 320 kilometers (200
miles) of the U.S.-Canadian border,
concurrence of the Canadian
government has been requested.

DATES: Comments must be filed on or
before April 27, 1998, and reply
comments on or before May 12, 1998.
ADDRESSES: Federal Communications
Commission, Washington, DC 20554. In
addition to filing comments with the
FCC, interested parties should serve the
petitioner, his counsel, or consultant, as
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Hepner et Associates stated in their report in
July 1986 that the market for lysozyme in dairy
application is about 30000 kgs/year, and that the
market price for lysozyme at the moment is
USD 150/kg. This totals a market of FIM 22,0
million per year. This estimate is based on the
legislative situation in Europe so e.g. West-
Germany and whole of Scandinavia is excluded from
. this figure. The same report forecasts as a future
i trend an amount of 500000 tons cheese, which could
be prepared with lysozyme in West-Europe. This
figure considering IDF~data, may not include
Scandinavian amount of about 150000 tons/year.
Hepner also states a possible reduction of the
price on lysozyme from 150 USD/kg at present to
USD 75/kg, before it will conquer the market.

6 .
Conclusions The use.of lysozyme to inhibit the late blowing

- phenomena in hard and semihard cheeses has proved
to be successful at addition levels of 500 U
lysozyme/ml cheese milk (20 g/1000 1).

As lysozyme, according to several research papers,
remains untouched in the pH- and temperature/time -
ranges used in cheese manufacturing, it is
essential to avoid cverdosing of lysozyme (about
1000 U/ml), which results in small holed and mild
flavoured cheese. Cheese manufacturers should also
be properly informed to test their own starter
cultures with lysozyme, before production scale
cheese manufacturing with it.

The seasonal variations in the count of Clostridia
Spores in milk are depending very much on the
country or even on milk production area in
questicon. Thus the information received e.g. from
the possible experiments with Valio are just
instructive figures, which serve as quidance for
foreign customers in their own needs.

The size of potential market after lysozyme 1is
permitted generally, total 700000 tons cheese per
year in West-Europe and 440000 tons cheese in
"North-America totalling lysozyme 140000 kgs and
88000 kgs respectively. According to today's price
level this results in markets of FIM 105.0 million
in West-Europe and FIM 66.0 million in North-
America. Assuming the probable reduction ‘stated by
Hepner and Assoc. we result in markets of FIM 53.0
million and FIM 33.0 million respectively. As the
cost of use of lysozyme is very high compared to
that of nitrates, this reduction in price and also
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U. S. Food and Drug Administration
Center for Food Safety & Applied Nutrition

Office of Premarket Approval

Agency Response Letter
GRAS Notice No. GRN 000064

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Washington, DC 20204

April 2, 2001

Mr. Robert H. Sindt
Attorney At Law

1850 M Street, N.W.
Suite 400

Washington, D.C. 20036

)

Re: GRAS Notice No. GRN 000064

Dear Mr. Sindt;

The Food and Drug Administration (FDA) is responding to the notice, dated December 15, 2000, that
you submitted on behalf of Rhodia, Inc. (Rhodia) in accordance with the agency's proposed
regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; Substances Generally
Recognized as Safe (GRAS)). FDA received the notice on December 20, 2000, and designated it as
GRAS Notice No. GRN 000064.

The subject of the notice is egg white lysozyme. The notice informs FDA of the view of Rhodia that
egg white lysozyme is GRAS, through scientific procedures, for use as an antimicrobial agent in
casings for frankfurters and on cooked meat and poultry products. Egg white lysozyme would be
used in casings for frankfurters at a concentration of 2.5 milligram (mg) lysozyme per pound (Ib) of
frankfurter (equivalent to 5.5 mg lysozyme per kilogram (kg) of food) and in cooked meat and
poultry products sold as ready-to-eat at a concentration of 2.0 mg of lysozyme per Ib of cooked meat
or poultry product (equivalent to 4.4 mg of lysozyme per kg of food).

Rhodia's notice describes published information regarding the chemical identity of lysozyme
(Chemical Abstract Service Registry Number 9001-63-2). Under a system developed by the
Commission on Enzymes of the International Union of Biochemistry, the systematic name of
lysozyme is peptidoglycan N-acetylmuramoylhydrolase and its systematic number is EC No.
3.2.1.17. Rhodia describes lysozyme as a natural antimicrobial protein with a molecular weight of
approximately 14,300 daltons. The enzyme occurs naturally in many organisms. Hen egg white
lysozyme is among the most throughly characterized enzymes, and its three-dimensional structure,
mechanism of action, substrate specificity, and other properties have been determined. Lysozyme is
inactivated by stomach and intestinal proteolytic enzymes, particularly pepsin.

http://www.cfsan.fda.gov/~rdb/opa-g064.html 5/9/2002
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Dairy Research Institute, Hillerod, states in
their report (Ne. 250), that only one per cent of
the lysozyme (Hansozym) they used was lost in whey
(5). According to data bases' file search any
paper on the lysozyme's binding to milk casein has
not been published so far.

Italian paper (11) stated in 1983 that lysozyme is
nearly totally retained in curd and is found in
the cheese after one year of ripening. Carini et
al. (12) found in 1984 that lysozyme lost 30 % of
its initial activity during ripening and storage.

In appendix E the production volumes of hard and
semihard cheeses in certain OECD-countries are
introduced both cost of the use of nitrate and
lysozyme. '

The countries permitting the use of nitrates
(Scandinavia, Ireand, United Kingdom, Netherlands,
Belgium and Canada) produce altogether 1197000
tons per year hard and semihard cheeses. When we
make an assumpticn (based on Finnish data) that
one half of this amount is such varieties (Edam,
Gouda, Tilsit, Grana, Provolone) whereto lysozyme
could be used, we result in a figure of about
600000 tons/year. This means 120000 kgs lysozyme
worth FIM S0.0 million per year as a total market.

If we count Scandinavia as its own, we find out
that about 150000 tons of cheese (0.5 x 293) could
be manufac'tured with lysozyme in Scandinavia. This
means 30000 kgs market worth FIM 22.0'million per
year.

In the rest of Western Europe (excl. UK) hard and
semihard cheese production totals 1828000
tons/year, which results (by factor 0.3) in 550000
tons cheese per year for which lysozyme could be
used (= 110000 kg/lysozyme). This corresponds a
market of FIM 82.0 million per year.

The markets in the United Kingdom and North-America
are more difficult to estimate as the main variety
Cheddar doesn't, due to its rapid acidifying,
require necessarily lysozyme. According to the

data shown in appendix F roughly 18 % (Italian
varieties) of the cheese produced could be
manufactured with lysozyme. This results in 440000
tons/year, meaning a market of 88000 kgs lysozyme
worth of FIM 66.0 million.
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Rhodia describes the method of manufacture of egg white lysozyme, which is based on generally
available and accepted principles of protein purification. Lysozyme is extracted from fresh egg white,
where it is present at approximately 0.3 percent of the egg white, and 3.5 percent of the egg white
protein. In the processing, a food-grade inert material (a polymer resin) is mixed with egg white
where it specifically binds with the lysozyme. The resin carrying the lysozyme is separated from the
egg white, and the lysozyme is removed from the resin by addition of salts and a change in the pH.
The enzyme is then concentrated, further purified, and dried. Specifications provided for lysozyme
are consistent with the general and additional requirements for enzyme preparations in the Food
Chemicals Codex (4th ed., 1996). Rhodia's notice provides intake estimates for the proposed uses of
lysozyme based on food consumption data collected by the U.S. Department of Agriculture (1998).

As part of its notice, Rhodia includes the report of a panel of individuals (Rhodia's GRAS panel) who
evaluated the data and information that are the basis for Rhodia's GRAS determination. Rhodia
considers the members of its GRAS panel to be qualified by scientific training and experience to
evaluate the safety of substances added to food. Rhodia's GRAS panel discusses the information and
data provided by Rhodia to the panel on the chemical, physical, and antimicrobial properties,
manufacture and processing, stability, conditions of anticipated use, and estimates of dietary
exposure.

Rhodia's GRAS panel notes that FDA recently evaluated available information on lysozyme and
tentatively affirmed that egg white lysozyme, when labeled by the name "egg white lysozyme" to
identify its source, is GRAS for use in preventing late blowing of cheese caused by the bacterium
Clostridium tyrobutyricum during cheese production (the tentative final rule on lysozyme; 63 FR
12421; March 13, 1998). In that tentative final rule, FDA explained that egg whites are known to be
an allergenic food source, particularly in children. FDA referenced a literature report indicating that
lysozyme may in fact have been an allergen for some individuals who became sensitive to egg
whites. Accordingly, FDA proposed that a condition for the safe use of lysozyme would be labeling
to alert such individuals to the presence of egg white lysozyme in cheese. Such labeling also would
alert the sensitive population to the possible presence of source-derived proteins other than lysozyme

in the enzyme preparation.

In its report, Rhodia's GRAS panel discusses, and concurs with, several of the conclusions drawn by
FDA in the tentative final rule on lysozyme. Rhodia's GRAS panel concludes that:

e There will be no long term increase in lysozyme intake by the general population because the
egg whites from which lysozyme is extracted will be subsequently consumed (without
lysozyme) in other food uses.

o The safety of lysozyme as a component of egg white is supported by a long history of safe
consumption by humans as a source of food protein throughout recorded history.

o Proteins derived from egg whites do not raise toxicity concerns, and the methods used for
extracting lysozyme from the egg white source should not alter either the chemical identity or
the characteristic properties of the enzyme.

e FDA's tentative conclusion that egg white lysozyme is GRAS for use in preventing late
blowing of cheese caused by the bacterium Clostridium tyrobutyricum during cheese
production is based, in part, on a presumption that the ingredient would be labeled by the name
"egg white lysozyme" to identify its source.

Based on the information provided by Rhodia as well as other information available to FDA, the
agency has no questions at this time regarding Rhodia's conclusion that egg white lysozyme is GRAS
under the intended conditions of use, provided that the ingredient statement of food products that
contain egg white lysozyme contain the name "egg white lysozyme" to identify the source of the
protein. The agency has not, however, made its own determination regarding the GRAS status of the
subject use of egg white lysozyme. As always, it is the continuing responsibility of Rhodia to ensure
that food ingredients that the firm markets are safe, and are otherwise in compliance with all

http://www.cfsan.fda.gov/~rdb/opa-g064.html 5/9/2002



FINNISH SUGAR CO.
Speciality Biochemicals

O0lli Moisio/rt

4.2

Mechanical stress

4.3

LTD. REPORT

September 1, 1986 5

After the cheese curd is cut to pieces (cubes)

this curd is scalded (warmed up) for 30-60 min to
get the whey off the cubes. The tempergture use8
for Edam and Gouda is ranging from 36 °C to 39 “C
and for Emmental and Gruyere cheese from 50 oC to
54 °c (max 57 OC). The time of scalding in Emmental
cheese can go up to 90 minutes.

Friend et al. (6) found that lysozyme survives
heating at 62,5 "C for 30 minutes, but not heating
at 75 "C for 15 minutes at the natural pPH of milk.
This means that lysozymes survives also the
scalding of Edam and Gouda cheeses.

The pH of normal milk ranges from 6,5 to 6,8. As
the cheese is ready to be pressed (about 20-24
hours) after 3-4 hours from the beginning of
cheesemaking the pH of the curd is below 6,5 and
after pressing about 5,15-5,25. This means that
the pH in milk/curd during cheesemaking doesn't
influence on lysozyme activity at all (appendix C)
(7). Krasz (8) stated the highest activity of
lysozyme at pH 6,15 and practically at the pH
range 5,5-6,5 the activity remains stable.

In cheesemaking lysozyme must survive the
mechanical stress during cutting scalding and
wheying off. Wasserfall (7) showed that lysozyme
remained almost untouched the treatment with Ultra-
Turrax at 0 °C for 8 minutes (appendix D).

Binding lysozyme to casein

In cheesemaking the ability of lysozyme to bind to
casein is of great importance, because the rate of
binding gives the amount of dosage (cost of use)
needed to inhibit late blowing. Also binding to
casein quarantees the function of lysozyme during
cheese ripening and storage.

Wasserfall (7) stated 1977 that 15-17 % of the
lysozyme added was recovered in whey and in the
water used for curd washing, naturally meaning
that 83-85 % of the lysozyme was binded to casein
in order to inhibit late blowing. Green et al (9)
and Marschal et al. (10) stated in 1977-1978
according to their laboratory experiments with
casein micelle suspensions that even as much as 98
% of the lysozyme added adsorbed on casein
micelles.
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applicable legal and regulatory requirements.

During its evaluation of GRN 000064, FDA consulted with the Labeling and Consumer Protection
Staff of the Food Safety and Inspection Service of the United States Department of Agriculture
(FSIS). FSIS requests that Rhodia be advised that it may be necessary to modify regulatory standards
where a standard of identity prohibits or limits the use of an ingredient. At this time, FSIS is not
initiating any substance-specific rulemaking activities to amend food standards until its ongoing
standards modernization activities are completed. However, FSIS will be able to address requests for
the use of any antimicrobial formulations containing egg white lysozyme on meat and poultry
products with prevailing standards of identity provided they are descriptively labeled to clearly
distinguish them from the traditional standardized products. It is our understanding that you will seek
regulatory guidance from FSIS concerning the use of these antimicrobial formulations in
standardized meat and poultry products. You should direct your inquiry to Dr. Robert Post, Director,
Labeling and Consumer Protection Staff, Office of Policy, Program Development and Evaluation,
Food Safety and Inspection Service, 300 12th Street, SW, Room 602, Washington, DC 20250-3700.
The telephone number of his office is (202) 205-0279 and the FAX number is (202)205-3625.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of
the information in the notice that conforms to the information in proposed 21 CFR 170.36(c)(1), is
available for public review and copying on the Office of Premarket Approval's homepage on the
Internet (at http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,
/s/
Alan M. Rulis, Ph.D.
Director
Office of Premarket Approval :
Center for Food Safety and Applied Nutrition

cc:  Dr. Robert Post, Director
Labeling and Consumer Protection Staff
Office of Policy, Program Development and Evaluation
Food Safety and Inspection Service
300 12th Street, SW, Room 602
Washington, DC 20250-3700

“

Food Additives and Premarket Approval | Summary of all GRAS Notices

Foods Home | FDA Home | Search/Subject Index | Disclaimers & Privacy Policy

Content last updated by Isk/pmg on 2001-APR-26
Hypertext last updated by Isk/pmg on 2001-APR-26

http://www.cfsan.fda.gov/~rdb/opa-g064.html 5/9/2002
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acid bacteria (flavour producers) and this will
produce a cheese without holes and of mild flavour.
In Finland cheese is called a blind cheese if a
cheese type doesn't have holes according its
characteristic definitions.

The Dairy Research Institute, Hillerod, Denmark
(5), noticed that in addition of 1200 U/m1l lysozyme
entered to a Edam cheese with small holes or
totally 'blind' cheese.

In Edam cheese a blind body means that the growth
of flavour/aroma producing bacteria, Str.
diacetilactis ‘and Leuconostoc citrovorum, has been
insufficient. This phenomena produces also mild or
mildless flavour and untypical taste into cheese,

In Emmental and Gruyere cheese the development of
flavour and aroma is induced by Lactobacillus
helveticus and mainly by propionic acid bacteria.
Lb. helveticus has proteolytic activity and
degrades casein ‘down to dipeptides and amino acids.
Certain amino acids give to cheese its own
identical flavour and taste. Lb. helveticus' growth
is inhibited by higher lysozyme additions as
mentioned earlier in chapter 3.1. Propionic acid
bacteria has not been found to be sensitive to
lysozyme.

Appendix C, table 1 & 2, shows the Danish cheese
grading results in the experiment using lysozyme
on Edam cheese (Danbo). In the trials with added
Clostridia spores Edam with 1 and 2 grams lysozyme
per 100 litres cheese milk was scored of equal
quality or better than that manufactured with
nitrate (10 g/100 1). In the trials, where normal
bulk milk was used for cheese manufacturing, Edam
made with lysozyme addition, was graded better
than Edam with nitrate in every organoleptical
property (texture, body, flavour and taste).

Lysozyme in cheese making process

4.1

Temperature and acidity

The best phase to add lysozyme (crystalline
lysozyme first dispersed to warm, 29-30 oC, water)
is to do it with the starter culture, which is
added as soon as the cheese milk is brought to the
curdling temperature (29-31 OC) needed for the
cheese type.
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Clostridia and coliforms

3.3

Wasserfall and Teuber (2) stated in their cheese
making experiment in 1978 that lysozyme in
concentration of 500 U/ml cheese milk can't only
prevent the late blowing provoked by the forms of
C. tyrobutyricum sensitive against this enzyme;
even spores, the vegetative cells of which are
resistant against lysozyme, are hindered to provoke
the late blowing in cheese. They concluded that
since lysozyme resistance is not lost by one cycle
of sporulation of lysozyme-resistant vegetative
cells, the above observation on lysozyme resistant
spores implies that some steps in the conversion
process must be sensitive to lysozyme.

The concentration of lysozyme sufficient to lyse
the 99 % of the cells of Cl. tyrobutyrécum
initially present (initial conc. = 10 ~/ml) in-
Reinforced Clostridial Medium was evaluated as
25 ppm. To achieve a similar percentage of lysis
in milk, double concentrations of lysozyme were
necessary (50 ppm) (2).

Eschricia coli can cause 'coliform blowing'/small
hole formation in the early stage of cheese
ripening. The sensitivity of E.coli to lysozyme is
debated. Wasserfall (3) states that coliforms are
not influenced in the cheese curd and so they must
be inactivated by a suitable heating process.

Organoleptical quality

In the experiments of Federal Dairy Research
Center, Kiel, West-Germany (4) Edam cheeese
manufactured with lysozyme turned out to be of an
equal organoleptical quality (texture, body, holes,
flavour and taste) as Edam cheese with nitrate
addition. The dosage for lysozyme was 500 U/ml and
for nitrate 10 g/100 1 cheese milk. .

Parallel results have been obtained in experiments
in Denmark, Norway, Italy and in Hungary.

The optimum level of lysozyme dosage to cheese

milk in the above experiments has proved to be 500
U/ml. If this level seems to be, due to poor raw
milk quality, too low, it is in that case better

to use a combination of lysozyme and nitrates. As
the dosage of lysczyme is about 1000 U/ml, lysozyme
will start inhibiting the growth of certain lactic



Material Safety Data Sheet  ™“"ier,

Product Name:  Froprietary Name
Description: Lysozyme an enzyme extracted from hen egg white CAS No: 9001-63-2
Supplier Company Name Phone No.

Address:

Hazardous Ingredients

Ingredient Percentage Ingredient Percentage
Physical Data
Vapour
Physical State |Odor and Appearance: Odor threshold Pressure Vapour Density
Granulated white to off-white powder, no not determined n/d (air =1) n/d
powder distinct odor (n/d)
Freezing | Solubility in Specific
Boiling Point |Evaporation Rate Pt H20 Gravity Melting Point
Not applicable n/d n/a soluble (water=1) n/d
(n/a) : n/d
Fire and Explosion Data
Flammable under which conditions
No Not applicable (n/a)
Extinguishing Media:

Water spray, dry chemical powder, Carbon dioxide, or appropriate foam.

Sensitivity to | Sensitivity to

Lower impact Static
n/a n/d n/d

Flammable Limits Upper

n/a

Flash Point |[Method
none n/a
Special Fire Fighting Procedures:
Wear self-contained breathing apparatus and protective clothing to prevent contact with skin and eyes.
Unusual Fire and Explosion Hazards:
None.
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Today the use of lysozyme in cheese is permitted
in Denmark, Belgium, France, West-Germany and
Italy.

Appendix B shows the cheese varieties for which
lysozyme is applicable. Lysozyme generally is
applicable to hard and semi-hard cheeses like
Edam, Gouda, Tilsit, Trappist, Emmental and
Parmesan types, but not to cheeses with interior
mould ripening or with a fast and high acidifying
rate like Cheddar-varieties.

The :influences of lysozyme on cheese

3.1

Lactic acid bacteria of cheese

In an Italian paper (LODI, R. 1983) (1) concerning
the activity of lysozyme on different species of
lactic organisms (L. bulgaricus, L. helveticus, L.’
jugurti, L. lactis, L. fermentum, L. plantarum, L.
casei, Pediococcus cerevisiae, Str. lactis. Str.
thermophilus, Str. faecalis, Str. faecalis var.
liquefaciens, Str. faecalis var zymogenes) it was
shown that lysozyme does not significantly impair
the growth and acidifying, proteolytic and reducing
activities of these organisms. Only the strains of
Lb. helveticus have been confirmed to be partially
sensitive to lysozyme, and especially at levels
over 25 ppm (25 g/1000 1 cheese milk).

Lb. helveticus is mainly used in starters for
Emmental and Cruyere cheese. The most typical
organisms used for Edam, Gouda and Tilsit type
cheese, namely Str. lactis, Str. cremoris, Str.
diacetilactis and Leuconostoc citrovorum, haven't
proved to be sensitive for lysozyme at the levels
used into cheese milk. At the level over 1000 U/ml
cheese milk Streptococcus species have showed
decrease in both growth and acidifying properties.

Wasserfall (2) found 500 U/ml as a limit to avoid
inhibition on Str. cremoris and Str. diacetilactis.
Researchers have not found any lytic action of
lysozyme on propironic bacteria, which develope the
flavour and holes of Emmental and Gruyere cheese.

In practice, every cheese plant willing to use
lysozyme, must test their own starter cultures with
lysozyme addition, before production scale cheese
manufacturing.



Health Hazard Data

Threshold limit Value (TLV) LCs0 LDso
n/a n/a (IPR-MUS) 5800 mg/kg
Route Effects Immediate and First Aid
: Long Term
Inhalation May be harmful in high Remove to fresh air. Give artificial respiration if not
dosages and cause allergic  |breathing. Get immediate medical attention.
reaction in sensitive persons.

Eyes May cause irritation. Immediately flush eyes with lots of unning water for 15
minutes, lifting upper and lower eyelids occasionally. Get
immediate medical attention.

Skin May cause allergic reactions |Immediately wash skin for at least 15 minutes. Remove

in sensitive persons. contaminated clothing and shoes; wash before reuse. Get
medical attention if irritation persists after washing.

Ingestion May cause allergic reactions {Wash out mouth with water provided person is conscious.

in sensitive persons. Call a physician. Get immediate medical attention. Do not
give anything by mouth to an unconscious or convulsing
person.

Other This product is not considered to be a carcinogen.

precautions The toxological properties have not been thoroughly investigated.

{

Reactivity Data

Stable | yes Unstable (Conditions to |Hazardous Decomposition| Incompatibility (Materials

Avoid) Products to Avoid)

Hazardous Polymerization

May Occur: N/A N/A N/A

Will Not XX

Occur:

Spill or Leak Procedures

- Wear protective equipment, including: impervious boots, impervious glove, impervious apron and a self-
contained breathing apparatus in the pressure demand mode or a supplied-air respirator. If the spill or leak is
small, a full face piece air-purifying respirator equipped with particulate filters may be satisfactory.

- Mop up spill area, rinse spill area with large amounts of fresh water. Take care not to allow product to dry
prior to clean up. If dried take care when sweeping up residue to avoid raising a dust.

- Comply with all applicable government regulations on spill reporting and handling and disposal of waste.




FINNISH SUGAR CO.

LTD.

Speciiality Biochemicals

0l11i Moisio/rt

LYSOZYME IN CHEESE PRODUCTION

1 )
Introduction

2

Several means of preventing the late blowing,
caused by anaerobe Clostridia in hard and semi-
hard cheese manufacture has been studied so far:

The use of nicin, active against the germination
of spores, hasn't shown any interesting results,
since it involves deep changes of the
microbiological and technological parameters of
the cheese. )

The use of nitrates or nitrites, although being
efficient in preventing the blowing, brings
toxicological problems. These additives may result
in the formation of nitrosoamines in cheese.

The treatment of milk with IR or UV radiation
hasn't shown after all efficient against the late
blowing.

Milk bactofugation has also been used for
restriction of the number of clostridia spores, but
it is an operation requiring considerable capital
investment for plants. The decrease in the number
of spores, which can be obtained does not solve

the problem if the milk is highly contaminated with
Clostridia spores..

One method, widely used in Italy, is the addition
of formaldehyde to the cheese milk or, for
Provolone cheese, in the curd stretching water.

Lysozyme and cheese types

The lytic action of lysozyme on the vegetative
forms of Clostridium tyrobutyricum and on
Clostridia in general has led to its widespread
experiment use in cheese production, particularly
in the manufacture of medium- and longternm ripening
cheeses (hard and semihard cheeses).

In appendix A is shown the cheese varieties of
different European countries on which the
eéxperiments and use of lysozyme has been carried
out. Tests have been done in Scandinavia, France,
West-Germany, Austria, Italy and Hungary. In the
litlerature there is no mention about experiments
in the UK and the Netherlands.



Special Protection Information

Respiratory Not normally required, if dust is a problem wear approved respirator.
Protection:

Ventilation: Local mechanical exhaust capable of minimizing emissions at point of use.
Protective '

Gloves (Type): Chemically resistant Eye Protection (Type): chemical goggles

Other Protective Equipment:
Where necessary use long sleeved shirts, trousers, rubber boots and apron.

Special Precautions

Precautions for Handling and Storage:
Wear appropriate NIOSH/MSHA -approved respirator, chemical-resistant gloves, safety goggles, other
protective clothing. Mechanical exhaust required.

Other Precautions:
Avoid contact and inhalation.

The information contained herein is believed to be correct but does not purport to be all inclusive and
‘ shall be used only as a guide.
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of pure cultures can differ. According to BOTTAZZI (23) 10 % of the
"natural" spores of the mixed-spore population of BAB present in milk are
resistant to lysozyme. This explains our observation that lysozyme
(600 U/ml) is active against spores of certain strains but not against (all)
natural spores of BAB. Further research is needed to elucidate the
effectiveness of lysozyme against BAB, but it is clear that for Gouda cheese
this effect is very limited. )
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Fig. 4. The resistance to lysozyme of spores of two pure cultures of BAB

Discussion

From the results given in this paper it appears that the usual amount of
lysozyme added to milk (about 500 U/ml) can prevent BAF in Gouda cheese
made from it only if the number of spores of BAB does not exceed 0.3 spores
per ml. This number is normal in milk produced during summertime. In
most European countries the number of spores of BAB in milk in winter
amounts at least to a level of a few spores/ml. Increasing the amount
of the added lysozyme to 6.0 g per 100 1 was more effective also in cheese
made from milk with 13 spores/ml. However, it is questionable whether
it is possible to use 6 g of lysozyme per 1001 of cheese milk in terms of
costs and availability. The addition of 6 g of lysozyme/1001 cheese milk
did not inhibit the growth and acid production of the mesophilic starter
used (BD-starter Bos). The results obtained are not in accordance with
those observed by others without due consideration (see references 2, 3,
6 and 7). One of the reasons is that in one experiment described above
the cheeses had been stored at 13 °C or even partly at 18 °C. In orientating
experiments in which lysozyme was used it appeared that, at ripering at
10 °C, BAF did not occur. Such temperatures or even lower are often
used in experiments just referred to, but the ripening temperature for Gouda
cheese should be at least 12 °C. Another reason is that many experiments
with lysozyme have been carried out with spores of pure cultures of BAB,
which may not be resistant to lysozyme. The results in Figures 3 and 4
show that there is a difference in resistance to lysozyme between natural
spores and spores of pure cultures of BAB and that the resistance of spores
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In a third experiment again four vats of cheese were made. From one quarter
of a portion of naturally contaminated milk cheese was made in the usual
way. The milk contained 0.8 spores of BAB/ml. Instead of nitrate 3.0 g
lysozyme of preparation 2 per 1001 milk was added (600 U/ml). The
remaining quantity of the milk was bactofugated. Thereafter so much
of a spore suspension of C. tyrobutyricum BZ 15 was added to the milk
that the number of spores of BAB amounted to 5/ml. From one third of
this milk, cheese was made without any addition to prevent BAF. To another
third 15 g NaNOg/100 1 milk was added and to the last part 3.0 g lysozyme
of preparation 2 per 1001 was added. The cheeses were stored at 13 °C.
After four weeks half of the cheeses from every vat were kept at 18 °C.
The cheese was graded after a ripening period of 6 weeks.

Figure 3 shows cross sections of the cheese. Spores of BZ 15, a pure culture
of C. tyrobutyricum, caused BAF in cheeses made from milk without any
addition to prevent BAF. As was expected, an addition of 15 g NaNO3/1001
prevented BAF by the strain BZ 15, but it was observed too that 600 U
lysozyme/ml of cheese milk could prevent BAF by strain BZ 15 (at 5
spores/ml). On the other hand, Figure 3 shows that in cheese made from
milk containing 0.8 "natural" spores/ml a clear fermentation of BAF
occurred, which was more intensive when the cheese was subsequently
stored at 18 °C. Lysozyme is apparently more active against spores of
certain pure cultures of BAB than against "natural" BAB-spores. To
demonstrate this difference in resistance to lysozyme the strains BZ 15
and Ly5 were tested for their resistance to lysozyme by the method
described in Section 2.7. The results are given in Figure 4. It appears that
the strain BZ 15 is more sensitive to lysozyme than the strain Ly 5. The
latter strain was isolated from a cheese which had been made with lysozyme
but in which BAF occurred.
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Fig. 1.
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Effect of adding lysozyme to cheese milk on. the occéurrence of
BAF. The spore numbers of the milk were adjusted to 1.1, 0.27
and 13.0/ml respectively. The control cheese was made from milk
with 13.0 spores/ml; 15 g NaNO3/100 1 was added instead of 2.5¢g
lysozyme. Cross sections are shown of the cheese after 24 weeks;
above: cheeses stored at 13 °C; below: cheeses stored for four
weeks at 13 °C, thereafter at 18 °C.

459290/45291 milk with 1.1 spores/ml

45293/45294 milk with 0.27 spores/ml + 2.5 g lysozyme/1001
45296/45297 milk with 13.0 spores/ml

45299/45300 milk with 13.0 spores/ml + 15 g NaNO03/1001
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concentrate obtained, which contained about thirty times more spores
than the milk, was used to adjust the number of spores in the cheese
milk to the desired level.

2.7 Estimation of the resistance to lysozyme of spores of pure cultures
of spores of Clostridium tyrobutyricum.

Different amounts of a filtered solution of lysozyme were mixed with
TGV-agar and plates were made. Equal amounts of a spore suspension
in milk, which was pasteurized for 10 min at 80 °C, were plated out
on the agar. The plates were incubated and the percentages of spores
estimated, which were then germinated and grown out to colonies
and compared with those grown on plates without lysozyme.

3. Results and discussion

In the first experiment four vats of cheese were made. The number of
spores was adjusted to 1.1, 0.27 and 13.0 spores/ml cheese milk respectively.
To the milk 2.5 g lysozyme (preparation 1)/1001 cheese milk (475 U/ml)
was added. Control cheeses were made from the milk with 13 spores/ml;
15 g NaNOg was added per 1001 instead of lysozyme. The results are given
in Table 1, and cross sections of the cheeses are shown in Figure1l. It is
clear from the results that the added amount of lysozyme could not prevent
BAF in the cheese made from milk with 13.0 spores/ml. In the cheeses
stored continuously at 13 °C as well as in those stored later on at 18 °C,
a very strong BAF was observed. In cheeses made from milk with 1.1
spores/ml a strong fermentation was observed after storage at 13 °C for
4 weeks followed by 20 weeks at 18 °C. When the cheeses were stored
continuously at 13 °C, the fermentation was only slight. No BAF was
observed in the cheeses made from milk with 0.27 spores/ml.

In a second experiment four vats of cheese were also made. In one part
of the milk (three quarters of the total volume) the number of spores was
adjusted to 13.0/ml, in the other part (one quarter) to 1.7/ml. The first
part was divided into three portions to which per 100 litres 15 g NaNOg,
3.0 g and 6.0 g lysozyme were added respectively. To the milk with 1.7
spores/ml 3.0 g lysozyme was added. Lysozyme preparation No. 2 was
used. The main results of this experiment are shown in Table 2 and Figure 2.
From these results it is clear that the addition of 3 g lysozyme/100 1 cheese
milk could not prevent BAF in the cheese made from it. Even in the cheeses
made from the milk with 1.7 spores/ml the fermentation was quite serious.
Only when 6.0 g 1ysozyme/1001 was added, the BAF was nearly completely
prevented during a ripening time of eight weeks.
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2.2.1 Afilact from CODIPI, Levallois Perret, France (preparation 1).
We found a strength of 19 000 U/mg in this product.

2.2.2 The lysozyme preparation from SPA Societa Prodotti Antibiotici
SPA Milan, Italy (preparation2). We found a strength of
20 000 U/mg in this product.

The number of spores of BAB in cheese milk was estimated according
to a modification of the procedure of Van BEYNUM and PETTE (20).
An MPN (Most Probable Number)-method was followed, mostiy using
five tubes in each of four successive 1-ml samples of milk and its
decimal dilutions. However, to obtain more accurate estimations
of the dilution from which partly positive and partly negative results
were to be expected, fifty tubes were examined instead of five. The
latter method has been described recently (21).

In some experiments the milk was "bactofugated" by means of a
Westfalia Bacteria Removing Separator, type CNB 130. The removal
of spores of BAB amounted to 98 %.

Pure cultures of Clostridium tyrobutyricum. For the preparation of
spore suspensions use was made of the pure strain BZ 15 from the
NIZO-collection. The pure strain,Ly 5 was also used. This strain was
isolated from cheese made from milk to which 3.0 g lysozyme/1001
cheese milk had been added but in which a strong BAF occurred. Pure
cultures were obtained by separating visible colonies of BAB which
could be easily detected in this cheese after a cross section had been
made. After transfer to some 0.2 % solution of trisodium citrate an
equal volume of milk was added and the colony was suspended in it.
The mixture was heated for 10 minutes at 80 °C in a water bath after
which the suspension of spores was smeared on TGV-agar which
thereafter was incubated anaerobically. For the composition of TGV-
agar see reference (22).

Spore suspensions were made by growing the clostridia for 3 weeks
at 37 °C in AC-broth (composition Proteose-peptone No. 3: 2 %; Bacto-
beef extract: 0.3 %; Bacto-yeast extract: 0.3 %; Malt extract: 0.3 %;
Bacto-dextrose: 0.5 %; ascorbic acid: 0.02 %, all m/v).. The broth
contained after incubation about 1 x 109 spores/ml. Exact numbers
were estimated by plating on TVG-agar.

Adjustment of the desired numbers of spores of BAB

In some cheese experiments use was made of a suspension with a.known
number of spores of Clostridium tyrobutyricum BZ 15. ‘

In other experiments the number of clostridial spores in the cheese
milk was adjusted as follows: milk was heated by thermization,
standardized (fat adjusted), cooled and stored at 5 - 6 °C. The number
of spores of BAB was estimated (MPN), which took four days. Then
a (calculated) part of the cheese milk was bactofugated. The
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to the cheese milk up to 250 mg/kg had no effect on growth of the starter
bacteria, their acid production or proteolysis in cheese. Lactobacillus
helveticus, however, was inhibited to some extent and the proteolytic activity
diminished. BATTISTOTTI et al. (10) observed some change in organoleptic
properties in Grana cheese made from milk to which lysozyme had been
added. »

Gouda cheese is very susceptible to BAF. In a recent paper (11) we
mentioned the critical numbers of spores of butyric acid bacteria (BAB)
per ml of cheese milk which would start to cause BAF in Gouda cheese.
When no nitrate is added to the cheese milk, this number is about one or
two clostridial spores per 200 ml of cheese milk (0.005 - 0.01/ml). When
nitrate is added to the cheese milk the critical number is higher (11). Nitrate
is an effective means of preventing BAF in Gouda cheese. Low amounts
are sufficient to prevent this undesirable fermentation. The contribution
of nitrate in cheese to the human daily intake of nitrate is negligible (12).
Neither has any indication been found that nitrate in cheese induces the
formation of N-nitroso-compounds (13, 14, 15, 16). Nevertheless, some
countries require the presence of only low amounts of nitrate in imported
cheese.

It was therefore investigated in the Netherlands Institute for Dairy Research
(NIZO) at Ede how far lysozyme could prevent BAF in Gouda cheese. The
experiments are still going on, but the results obtained so far, already justify
some important conclusions.

2. Material and methods

2.1 The usual method of making Gouda cheese from pasteurized milk was
used. In the experimental dairy Gouda cheeses of 10 to 12 kg were
made from 2000 litres of cheese milk. As a control cheese was mostly
made from milk to which 15 g NaNOg per 1001 had been added. In
making the experimental cheeses lysozyme was added instead of nitrate.
The BD-starter Bos was used in all experiments described. After 5h,
when the pH had reached a value of 5.4, the cheeses were salted as
usual in a brine bath (strength 19° Beaumé) at 13 °C. The nitrate
content of the brine used for the experimental cheeses was
approximately 12 mg/kg, which is very low compared with the usual
Gouda cheese brine. The pH reached values after 24 h between 5.10
and 5.20. The cheeses were then stored at 13 °C. After four weeks
a part of the cheeses was further stored at 18 °C. During storage
the gas formation in the cheeses was checked by sounding the cheeses
each week, by taking X-ray photographs (17), by taking photographs
of cross sections and by estimation of the redox potential (18).

2.2 The strength of the lysozyme preparations was estimated according
to SHUGAR (19) (Boehringer standard; strength 22 000 U/mg).

The following preparations of lysozyme were used:
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THE USE OF LYSOZYME FOR THE PREVENTION OF BUTYRIC ACID
FERMENTATION IN GOUDA CHEESE. THE LIMITED EFFECT OF THE
ENZYME

J. Stadhouders, H. Stegink & G. van den Berg
Netherlands Institute for Dairy Research (NIZO)
Ede, Netherlands

Abstract

\

LYY

The usual amount of lysozyme added to cheese milk (about 2.5 g/re or
500 U/ml) prevents butyric acid fermentation in Gouda cheese made from
it if the number of spores of BAB does not exceed 0.3 spores per ml of
cheese milk. The number of spores of butyric acid bacteria in winter milk
in most European countries amounts at least to a level of a few spores/ml.
This means that, in this concentration, lysozyme is not effective in Gouda
cheese made from winter milk. The effectiveness of lysozyme against
butyric acid fermentation is therefore very limited. In the discussion an
explanation is given why the observation described in this paper is not in
accordance with that mentioned by some other investigators.

1. Introduction

PULAY (1) found that lysozyme prevented butyric acid fermentation (BAF)
in cheese. WASSERFALL and PROKOPEK (2) studied the use of this enzyme
in more detail. Thereafter many data on the effect of lysozyme became
available in the literature (3, 4, 5). CARINI and LODI (6) confirmed the
anti-blowing effect of lysozyme in Grana and Montasio cheeses ~made
experimentally from milk containing 0.25 - 2.3 clostridial spores per ml
cheese milk. Also GHITTI et al. (7) claimed that the addition of 25 mg
lysozyme hydrochloride per kg cheese milk prevented BAF in Grana Padano
cheese when the clostridial spore counts in milk amounted to 2/ml. LOSI
and CHIAVARI (8) reported, however, that the use of lysozyme was effective
only when the spore content of the cheese milk was low.

Another question is: does the use of lysozyme affect the development of
the starter bacteria (lactic acid bacteria) and the organoleptic properties
of the cheese? LODI et al. (9) found that in most cases addition of lysozyme

Meijeritieteellinen Aikakauskirja XLIV, n:o0 1, p 23-35, 1986



8€ Jo 57 93eq

700 ‘vz Asenuer
622-STT 3pHOJYD JWAZOSA]

‘8L ounwiuty ewiyisy A819[1y uuy ue asepndad lenewng:Ansnput feannaseusieyd e up uadiofe [euonedna0 MaN 1661 WYeN'H'd “H “Ned 88ST
989-LL9 ‘96 [ounwiu] ul) A313)[ef awAzosA| e s1 suadial|e xaje| Jaqqru ay jo suQ S661 OuoyS' N ‘einureyeN 'y ‘ojeS | "I ‘nuedex L8ST
887-S8T ‘Sl ‘sanpomog snuILLRY-D) 9y3 e uteyd susjosdAjod ystuewy "X ‘ejeuej

leanusyoolg ueadoung jo uogeiopay Jo syy8us] snourea uikLies sowkzosA| uewiny jo A1Anoe [epoUdORg L661 'V ‘B3] ‘W ‘UOMY ‘H "0 “ ‘OISO A 19ST
epRWEA
“H “ouemes| ") ‘DIt "L ‘anou] ‘W ‘Oqy
8YL-EL (9)L ‘BunoouiBug urareld 1ARSE Jo uonElsajIULB Ay 0] 9IS 3ALOE 3Y) jC uonenydN|y sannbal swAzosA g v661 "A ‘WeNEs] A ‘einwie] | ‘epan) ‘L “1 ‘ojouif L0ST
LP1-€01 ‘g ‘Ausnusyooig amny
patjddy pue A3ojouyoojolg  ay3 jo uoneasesard POOJ Ul [eRUa0d 113y} PUE SWISAS [BIQOIDIUNUE [RINEN 9861 sytedS D "H N ‘pieog ‘D Y “D °f ‘syueg 2087
£v9-0v9
(L)95 ‘uonasiold pooy jo [ewnop MIIAIIAO UE 1SPOOJ UI S3UIF03JAO0UOW BLIAISIT UO YOIBISS JUILIND €661 ‘W T “Jaque,] 10SZ
LEOT-¥€01 SIUSAJ UOISIYPE UO 13}J0 NI f ‘e|durg g ‘xnajdiypog
(6)8¢ ‘uonajoid pooy jo jewnop a1qoydoipAy e Suunsesw oy paseduiods se AorqoydospAy soeguns Suuinseapy S661 ‘N ‘nfeiweye] "W “H ‘YejyXen-1v 669
1PE-SE€ (€)TS ‘@ouatag Kreq 1 138y SEUOLIOPNIS JO YIMOIS UO SIARIPPE POO) Pa30313s Jo 5109439 6961 SuiioD 'd "q “H 'H ‘ejeisnop L6yt
sura1sAs pooj snouea ui awAzosA| aym 399 Jo Alanay 0 weySuuun) g f “V ‘A 4010014 09%¢
14221G5310)
€T1-911 ‘1€ “[O1qOIIN "Yoiy awAzosA| Aq snaune snasodojkydels jo uonepeidap |jem 13 7861 " ‘3unqsuID | ‘Arye W “f ‘oo 4974
. swAzosA| aym-339 uay Aq siomne] Y 'y
029-$19 “ZL1 “WaY20ig ° Ng N3IN| SNII0I0IN A JO SISA] Y JO uoniqiyut aensqns Juapuadap-yi3uass-atuof 8861 wnpaq ueA MM DV W T ‘Swiweyio 3974

HAHSITdNd TILIL ¥VIX YOHLAV WANATI



An international Force
for Progress
in Dairying

SCIENCE

PRODUCTION OF MILK
ENGINEERING
TECHNOLOGY
ECONOMICS

ANALYSIS

NUTRITION
TERMINOLOGY

IDF, Square Vergote 41
1040 — Brussels, Belgium

Dynamisme et Progres
au Service de
la Laiterie Mondiale

SCIENCE

PRODUCTION LAITIERE
INGENIERIE
TECHNOLOGIE
ECONOMIE

ANALYSE

NUTRITION
TERMINOLOGIE

FIL, Square Vergote 41
1040 — Bruxelles, Belgique




8¢ jo LT 98eq

700T ‘p Asenuef

9ZS1 - £2S1 J)e1ISqNS B SE <Y In|q juel||L1q [0Zewal ‘3Ap
(9) 0¥ "IOA 1jng WwieyJ WayD 3njq e yIm pa[aqe] snain’] snados01dty Suisn aukzosK| Joj Aesse oL)ouLI0|0)) 2661 ojow]" L ‘epewie'H A ‘0i] 1892
vy () TS Aydes3ojowoyd IDSAWIIIN "LV
"[OA §30ua0g Jo Awapeoy ueissny  pinbi[ souenuopad Y81y Aq sammyxnu ur2i01d ul AwWAZ0SAT JO uoHEUILLIAAQ 1661 ‘OquIYdIN K "S'A ‘Bunyulqg ‘W Vv ‘uluag 9.9C
ainy[noLge aAIsuul Jopun umoid poodsiemg
L6LT Ajjeuonipey syuejd doid pappe - an[eA Jo uoneziji) : WINdEGE) BUBLIOJIN “q'H ‘AOYIA'T" )], ‘@ounewzitg "D
-€6LT S |OA way) pooj ousy ) 0998q0} U} SWAZOSA| JUIAOQ IAROR UE JO uontesyund pue uononpold L661 ‘Buo "Dy 1eBuIssIap NV “d°D XooIM 0L92
8CE-Sl¢E
1 'I9A A30[01QOIdIN Ul UOnBWOINY sjonposd jeaws Pajda[as Ul pue oA Ul SIALIPPE
pue spot1ojy pidey Jo [BUINOf 3Y10 Y)iM UOHBUIGUIOD Ul pue Juoje swAzosAT Jo sanadoud jelqordusnue Ay €661 wey3wun) "Ff “V'A ‘101905 9997
(T1) Ty "10A ANAjRuY Aym
pun Sunyoediop Sunoysey 332 uaxoiyo woyy awkzosK| jo uonestjdde Aq symspoo) jo uoneatasadorg 1661 v ‘Biaquiog 1§97
(1) ¥ "10A 30uapdg [eWUY nelys’s
Jo K13190§ asauly) 3y jo jewsnof afesnes a]A1s-asaulyd uo swAzosA} apym 339 Jo 393139 dABALIISAI] S661 ‘BunH T ‘usays'H ‘Suey)'H *1‘uoH-oe 9697
(1)€E "19A 33esnes
95U210S [BWIUY JO [BILINO[ U310 BUUSIA JO 3Jij-}[ays 2y uo eydsoydenn wnipos pue awAzosAj Jo 19314 1661 OOA (] ‘WA ‘W'Y “)N'Sa9] $S9T
@) €C'10A wiey passad
30UDIOS [BWIUY JO [RWINOf UB3IOY JO JI|-JI3Ys 3y uo eydsoyden|n winipos pue AwAzosA| Jo uonippe Jo 199554 1661 00X “[T*'WI'HY 997 'N'S “Awy $$97
suadoyred jueid Jo uoniquyul Ymoi3 osjia
79-SS 901 [OA 22U319G jueld | pue awAzua punoq jo £194031 :039eq0) J1udTsues; ul SWAZosA| usy pajaIdRg $661 UL[3SSY'Y ‘UIAJOd"D *"[|apniL €592
£905-650S (L) 69T'10A snuuua ], ) s) ot apndadejuad orqoydoiphy 01V ‘Wysekeqoy 'y
Ansiuay)) [eaidojoig jo jewsnof 3y, & Suipasut Aq 1}09 BIYILISYDSI 0) JWAZOSA] JO UONDE [EPIdLIS)ORY PIdUBYUT] $661 ‘enysnsiey Y ‘epewie AN CYH ‘wiyeig] 89T
. 102-661 6¢! BMEZISIN 'L, ‘epBUeH N
{0A 191197 £30]01qOIdIN SINT A ueIn|y SN930001daxg Jo uadiue u1a)oid 20BJINS B Yim AwAZosA| Jo uonoesaju] 9661 ‘1040p0 1IN ‘01BN 'H “H°o)nduag 0597
JFAHSITENd dTLIL ¥VIA YOHLAV JWIANATA



16

Bulletin of IDF 216

SOME FOOD APPLICATIONS OF LYSOZYME

Akashi, A. and Oono, A. (1972) Preservative effect of egg white lysozyme in
non-packed Kamaboko. Nippon Nogei Kagaku Kaishi 46 (4) 177-183
(Chemical Abstracts (1972)‘11, Abstract 99801).

Toda, Y. and Kawai, A. Preservation for tofu, bean curd. Japan 72 46,336
(Chemical Abstracts (1974), 80, Abstract 2439),

Hidaka, Y., Ohta, R., Yajima, M. and Matsuoka, Y. Food preservation with
enzymes. Japan Kokai 73 83,225 (Chemical Abstracts (1974) 80,
Abstract 81106).

Nishiguchi, M. Food Preservatives. Japan Kokai 75 42,057 (Chemical
Abstracts (1975), 83, Abstract 41773).

Igarashi, H. and Zama, K. Preservation of edible seafood. Japan 71 19,576
(Chemical Abstracts (1972), 77, Abstract 33128).

Dupuy, P. (1982) Use of enzymes in food technology. Paris Cedex 08,
France: Technique et Documentation Lavoisier.
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Jhnk, P. (1986) Communication to Group B12.

Kerjean, J.R., Cretin-Maitenaz, P., Wingel, 6. and Chausson, A. (1985) Bacto-
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Moskowitz, G. (1986) Communication to Group B12.
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International Dairy Congress, 1 (2), 544. -

Pulay, G. (1966) Proceedings of the 17th International Dairy Congress, 0D,
641-646. -

Richardson, P.A. (1986) Personal communication.

Ruyssen, R. and Lauwers, A. Extrait de "Pharmatical Enzymes" p.167-180. Method
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Stadhouders, J., Stegink, H. and van den Berg, G. The use of lysozyme for the
prevention of butyric acid fermentation-in Gouda cheese. The limited
effect of the enzyme. Meijeritieteellinen Aikakauskirja XLIV, n:ol, p23-
25, 1986. '

Stadhouders, J., de Vries, E., van den Berg,' G., van der Veer, G.J.Ch.M.
(1985) The use of lysozyme for the prevention of butyric fermentation in
Gouda cheese. The limited effect of the enzyme. NIZO Preliminary Report.
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Milan, 1985.
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van den Berg, G., Hup, G., Stadhouders, J., de Vries, E. (1980) NIZ0-Test Report
R112. G

van den Berg, G. and Stadhouders, J. (1986) Communication to Group B12.



8¢ Jo [¢ 23ed

7002 ‘vz Kenuef

(A10) suIM JO IO [ruonEUIAU] 3Y)
6801-L801 (9) 10 Apms 3A1LI0QE[|03 JO AIBWILNG :oUlM U} IPLIOJYD PUE ‘WIN[O[Ed ‘winisaudew
0L "[OA “Wway) ‘[euy "JJO 00SSY °f ‘winissejod “Wnpos ‘proe Lo ‘PIoE J1IR| ‘PIOE I{EUL JO UOHBUNLLIA(

L861 °D *a8ung 8867
S19J310 "M ‘uueu UL
001-€6 6P "IOA ‘sionaT Sdd S3WAZosA| JO AJIANOR [EP191GOIIIW INBWAZUI-UOU BY ], 6661 ‘O ‘uye 'V ‘Yosiod 4 “ ‘Suung L86T
L11-S11 6€ sutwesoan|d |K1aoe-N Jo aouasaxd oy ui Suryuij-ssosd
‘[OA ‘spoyia Al 'sAydorg ‘wayoolg of  Aq xujew weoy aym 339 uay ay Jo Ayanoe SwWAZosA| oy Ul JuIWIIUBYUF 6661 eznog,d "4 'S “'Z "M ‘eljoiepy 9867
b {274 saiuadoad [euoiyouny a0eJINs Sj1 pue UOIIEdIJIPOW
-€E¥T 9Y "IOA “WAYD pooy duBY [ 912udB Aq Pajonusuod 6y pue | suonisod je awAzosA| pajejAsoak(-ajqnog 8661 oje)y "V ‘einwexeN 'S ‘De 'S UA ‘NyS £86¢
T MN33Z 9p '
6691 oA1A ut 21e8n{u0o awAzosA| ‘Buor ap g "d ‘WO o ) "J ‘IeBUI|OON
-£691 TS '|OA ‘Jeuonjsuiajuf Asupry -uaxoideu e Jo uonepeidop pue L1oA1jop jeusy :Asupry sy 03 Sunadie-3nug L661 - ‘eunepy 'S g ‘[pddny vV DV I ‘seeHq 786
ojowf "I ‘epaf} "L ‘MW
"L “yooxynse ‘L ‘epewe) "H ‘einwQ ‘L,
0S1-S¥1 611 '10A “waysoig 'f awzosA| 332 uay up zg dsy anpisal onkjeed Jo Apmis uonens v 9661 ‘BLIIYSOIOW "H ‘BpBWIBA ") “'A ‘Olowlyse 1862
TLOT-£90T ¥ [OA ‘92USLOS UI9)01d WAZOSA] Us)OIYd 2[QEISOULIY] Pa12auidud ue jo sisAjeue jeinyangs pue udisaq $661 yosary o °f “d ‘Yis 086C
S[[99 L JO uoneanse 1oy awkzosk|
L6-16 6¥ "[OA ‘siona] ASojounww] payjipow-[034]3 suajAypakjodAxoyjawouocw jo Adruadountuusl pasnpay 9661 ojow] '], ‘epan "L ‘eS80 "1 ‘o) ‘0 "H "1 ‘0§ 8L6T
¥9T-5ST 6 '19A *A3o[o1qoidy
|esipa]y pue A3ojounwiwi] SWHA swAzosA| Aym 833 £Aq (SdT) apueydsesAjododi] Jo uonesryixola 1661 sewope ‘1 ‘ouy( ‘N “Y ‘epexe} LL6T
10€-€6T €1 “10A *AB0j01q0Iat N Seliope;
Jed1psy pue ASojounwiw] SWH 1B1AN9E [ea130]01q paonpui-apueyadesAjododi| uo awiAzosA| auunw Jo 5199539 9661 ‘L ‘ouyQ "N ‘epexe] "y “1 ‘emeseiny 9L6T
. CLI-t£91 6¢ Sunadiey [enp jo . uemg °f 'd ‘Mnasz ap 'q
‘JOA ‘asea|3y pajjonuo)) jo jewnof 135u0d ay|, :Ajtanoe snnadesayy sisupul ue Ym s1arued Snup usjoud-(004|D) 9661 ‘IBRUDJOOIA " ‘B[O ‘D “J "N 'A ‘Jeflan SL6T
JAAHST14Nd TILLL ¥VIHA JOHLAV WANJTA



14 ' Bulletin of IDF 216

REFERENCES

Ayres, dJ.C., Mundt, J.0. and Sandine, W.E. (1980) Microbiology of Foods, San
Francisco: W.H. Freeman and Company.

Barbara, L. and Pellegrini, R. (1976) Flemings Lysozyme. Torino, Italy:
Minerva Medica.

Battistotti, B., Resmini, P., Scolari, G.L., Corradini, C., Lodi, R., Battelli,
G. "Influenza della tecnologia e degli additivi sui fenomeni di gonfiore
del formaggio Provolone" in Atti del Convegno "Le fermentazioni gasogene
del Provolone" Cremona 27.2.1986.

Birkkjaer, H.E., Forsingdal, K., Brain, H., Madsen, K. (1982) Addition of
lysozyme in manufacture of round-holed cheese. Beretning fra Statens
Forsggsmejeri No. 250.

Bottazzi, V., Battistotti, B., Bosi, F. and Corradini, C. (1978) Effect of
lysozyme on thermophilic lactic acid bacteria. 20th International Dairy
Congress Brief Communications, page 527.

Bottazzi, V., Bodini F., Battistotti, B., Corradini, C., Lauritano M. (1982)
Rimozione centrifuga e produzione di formaggio grana. Scienza e Tecnica
Lattiero-Casearia. 33, 123.

/'Carini, S. and Lodi, R. (1982) Industria del latte, 18, 35.

Corradini, C. and Emaldi, G.C. (1985) Personal communication Summary of
information from the Symposium on "Lysozyme in cheesemaking", MiTlan, 1985.

Corradini, C. (1986) Communication to Group B12.

Cretin-Maitenaz, P. (1985) Butyric fermentation in the French Cheese Industry -
The Utilisation of Lysozyme. Paper presented at the Symposium on "Lysozyme
in Cheesemaking", Milan, 1985.

Emaldi, 6G.C. and Corradini, C. (1985,a) Lysozyme experience in Italian
cheesemaking. Communication to Group B12. f

Emaldi, G.C. and Corradini, C. (1985,b) Personal communication.

Fleming, A. (1922) Proceedings of the Royal Society, B 93, 306.

Institut Technique du Gruyere (1986) Communication to Group B12.

Garnot, P. (1984) Communication to Group B12.

Garnot, P. (1985) Communication to Group B12.

Grazia, L., Chiavari, C., Castagnetti, G.B. and Losi, G. (1984) Caseificazioni
a formaggio grana con lisozima: acidificazione dei sieri e sensibilita dei

batteri Tlattici termofili. Scienza e Tecnica Lattiero-Casearia 35
(suppl.), 384.

Herlev-Jensen (1986) Personal communication.



8€JO ¢¢ adeq

T00T ‘pT Ksenuer

LE-1 193ua)
A3oj0o1x0], ysiueqy 072 JourorgpIoN

ST911
L1911 (81) 65T "10A ‘Ansiway)
{eor3ojoig jo [ewnof ayj.

91911

“LO9LE (81) 6T '[OA ‘Ausnuay)
[e0180(01g Jo [RwInOf By ]

L8S1-T8S1
SWigYSAS [eIqoIdNLfuY jrInjeN

68-€8 (S) S¢ "[0A *oorussjouy

18-LL (8/L) S¥ "JOA ‘odtudsjouy

~LYT 9861 AIn[ L[~y “9ouasgpuo)y
[edtuyda g, Ansnpuy susp
ueijensny gixig jo s3uipaasolg

bL-gL 1fewduig
% Jamoidadein) ueensny

-CEp »wc_o_m pue Ansuuayosoig
Ul sowAzug |9poy :sawkzosAy

8TL-ETE
(L) ¥81 "10A ‘ewnor [euaq ysuug

© 9€1-8T1 T8 I9A
‘30101901011 patjddy jo fewnop

s1oadse Kioyeingas pue uonesyjdde pooj ut ssaidoid :suoousldey

SaWAzosA| 13110 ym suosuedwod [ea130jountuwi pue
T 3wAzosA| m02 3o 2dusanbas pioe ounuy | sjuBUILNL JO SawWAZOSA]| yorwolg

saradoud sukjeres pue uonnquysic ' SluBLIWNI JO SAWAZOSA| YoBWwO}g

382 ut sus301d Ja110 pue owkzosA

(ueney)) Buryewoum Suunp Ananoe [e1qo.dIWt Uo AJ1pIoe [euLIOuqe JO S1931)5

(ueley]) eusloeq pue sjsea4 jo sisA| (199 Jo asueLodun Suiyewoaup

sauim pue sades3 ui sorjouayq

{3UIM 3U) U1 ST Jeym Inq - 3)10Q Y3 Ul St AU BY |

sawAzosA| jo suonestjdde oynadesay) pue syadse [eo18ojodeurieyy

shijuopouiad yim

Aul| s3wAzus onk|oIpAy pue onkjoajoly - sisouderp jeyuopouad ui saoueapy

wnunnioq winipinso|) s13£j0sj01d-uou Jo salods woly yimois
1u3A21d 0 2imyeiadwa) uoeqRoUL anbasqns pue Juswieas jeay Sunuiquioy

6661

¥861

$861

6661

6661

6661

L861

6661

9661

8661

L661

sjassap
'S “3kqpeeg “d ‘a{jaf g “q ‘appng wiofg

uos(Im "D 'V “198e1d "W g ‘uosqoq

“H°Q ‘S3|[of ‘[ ‘usBuaoydg “J “d ‘sajjor

uospM "D 'V “198e1d ‘W ‘g “J 'q ‘uosqoq

apaede] ‘D “y g ‘1ouey)

owsu0) 1y ‘uipuen

oipniH °d

‘e|[158) ] “H[2AU3E W ) ‘HiPUOqUIEZ

SaU0ID A “d ‘uoken-neassqry

‘g ‘IoremyuLy

‘0 ‘eAeg

X0D "M S “W ‘g ‘A3|g

A93d M W “Wiequiey v q “